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III metal, pref. a mixture of an organoaluminium cpd. contg. 
nalogen and an organoaluminium cpd. contg. no halogen. The 
catalyst compsn. can contain a prepolymer of a 2-20C a- 
oiefin. 

EXAMPJH5"" ^ ) 

95 (?f Mg Cl2j£ft6 dissolved in 442 ml decane/39lg 2-ethyl- 
hexanorat-X^er 21. 3g phthalic anhydride was added and 
stirred at 130°C for 1 nr. 75 ml of this soln. was added to 
::00 ml TiCl 4 at -20°C over 1 nr. and heated at 110°C for 4 
hrs. , with 5.22g diisobutyl phthalate added. The solid prod, 
was suspended in 275 ml TiCl 4 and heated at 110°C for 2 hrs., 
altered hot and washed with decane /hexane . 

1 mmole (based on Ti) of the above catalyst, 10 mmole 
Ai(C 2 H 5 )j and 2 mmole 2-isopropyl-2-isopentyl-l,3-dimethoxy- 
propane were added to 100 ml hexane at 20°C for 1 nr. and 
the solid was washed and re-suspended in hexane . 

0.015 mmole catalyst and 0.75 mmole triisobutyl aluminium 
were added to 750 ml hexane under propene in a reactor and 
heated to 60°C. 200 ml hydrogen was introduced and propene 
was polymsd. at 70°C77 kg/cm 2 for 2 hrs. to produce 328.2 g 
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Other Priorities: 1 3.04.90-JP-0979O6 13.04.90-JP-097910 
An olefin polymer catalyst comprises a solid titanium catalyst 
component contg. Ti, Mg halogen and an electron donor. The 
catalyst compsn. may also contain a separate electron donor 
cpd. , and must contain at least one electron donor which is a 
cpd. (1) having at least two ether linkages. 

Also claimed is the prepn. of an ct-olefin polymer involving 
using the above catalyst. 

USE /ADVANTAGE 

The catalyst has high activity in a-olefin polymsn. and 
promotes the formation of highly stereospecific polymers. 

PREFERRED CATALYST 

U) is of formula R 3 C-0-(CR 2 ) n -0-CRj (R = H or an 
organic gp., and n = 2-10). The titanium catalyst component 
is used in conjunction with an organometallic cpd. of a Gp. I- 
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polymer of melt flow tests 6.9 dg/min, 98.66% of which was 






heptane- insoluble . ( 39pp — MODwgNoO/ 7) . 
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(57) This invention provides a solid titanium catalyst component [la] containing magnesium, halogen, 
titanium and a compound having at least two ether linkages with a plurality of intermediately existing 
bonding atoms ; a catalyst and a prepolymerized olefin-containing catalyst prepared by using the solid 
titanium catalyst component [la] ; a method for preparing a polyolefin wherein said catalyst or 
prepolymerized olefin containing catalyst is used. A catalyst and a prepolymerized olefin containing 
catalyst prepared by using a solid titanium catalyst component [lb] containing magnesium, halogen, 
titanium and a specific electron donor (a1), and a compound having at least two ether linkages with a 
plurality of intermediately existing bonding atoms ; a method for preparing a polyolefin wherein said 
catalyst or prepolymerized olefin containing catalyst is used. By virtue of the use of the catalysts or the 
prepolymerized olefin-containing catalysts, the polymerization reaction efficiently proceeds with high 
catalytic activity, giving polymers high in stereospecificity. 
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FIELD OF THE INVENTION 

This invention relates to solid catalyst components, pre polymerized polyolefm-containing catalysts, catal- 
ysts and method of polymerization for the preparation of homopolymer of ethylene or a-olefin, or copolymers 
5 thereof. 

BACKGROUND OF THE INVENTION 

Catalysts containing activated titanium compounds supported by magnesium halides are hitherto known 
10 as those for use in the preparation of homopolymer of ethylene or a-olefin, or olefin polymers such as an ethy- 
lene/a-olefin copolymers. 

The olefin polymerization catalysts as referred to above (hereinafter they are sometimes used, including 
also copolymerization catalysts) are known to include such catalysts as comprising a solid titanium catalyst 
component containing magnesium, titanium, halogen and an electron donor, and an organometallic compound 
15 catalyst component 

The catalysts mentioned above have high activities in polymerization or copolymerization of a-olefin such 
as propylene or butene-1 (hereinafter the term polymerization is sometimes used, including also copolymeri- 
zation) as well as in polymerization of ethylene. In addition thereto, the polymers or copolymers obtained by 
the use of these catalysts are high in stereospecificity. 

20 Of the catalysts as mentioned above, those comprising in particular a solid titanium catalyst component 
having supported thereon an electron donor selected from carboxylic esters, a typical example of which is 
phthalic ester, an aluminum-alkyi compound as a co-catalyst and a silicon compound having at least one Si-OR 
linkage (wherein R is a hydrocarbon radical) exhibit excellent performance when they are used in the above- 
mentioned polymerization or copolymerization. 

25 The present inventors conducted researches with the view of obtaining olefin polymerization catalysts 
excellent by far in polymerization activity and stereospecificity, and have eventually accomplished the present 
invention on the basis of their finding that an object of the invention can be best attained by using a catalyst 
comprising a solid titanium catalyst component containing magnesium, halogen, titanium and a compound hav- 
ing two or more ether linkages with a plurality of intermediately existing bonding atoms, or a catalyst comprising 

30 a solid titanium catalyst component containing magnesium, titanium, halogen and an electron donor, an 
organometallic compound and the above-mentioned compound having two or more ether linkages. 

In this connection, it has been found that polymers low in stereospecificity are obtained by the use of a 
catalyst system comprising a solid catalyst component obtained by contact of a solid component containing 
magnesium, titanium, halogen atom and an electron donor with an alkoxy-containing aromatic compound hav- 

35 ing 1-6 alkoxy groups substituted in the benzene ring, in combination with an organpaluminum compound 
(Japanese Patent L-O-P Publn. No. 236203/1989). 

OBJECT OF THE INVENTION 

40 The present invention has been made in view of such circumstances as mentioned above, and an object 
of the invention is to provide a solid titanium catalyst component, a pre polymerized polyolefin-containing catal- 
yst and a olefin polymerization catalyst, which are prepared by using a specific electron donor, high in catalytic 
activity and capable of giving olefin (co-) polymers high in stereospecificity, and methods of olefin polymerization 
using said olefin polymerization catalysts. 

45 

SUMMARY OF THE INVENTION 

The first solid titanium catalyst component [I] for use in olefin polymerization of the present invention is 
characterized in that said catalyst component is formed by bringing (A) a solid titanium component containing 
so titanium, magnesium, halogen and an electron donor (a©) into contact with (B) an electron donor (b 0 ), wherein 
either the electron donor (a<>) or electron donor (bo) is a compound having two or more ether linkages with a 
plurality of intermediately existing bonding atoms. 

By using the above-mentioned compound having two or more ether linkages as an electron donor in the 
solid titanium catalyst component of the invention, it is possible to obtain an olefin polymerization catalyst which 
55 is high in activity even when an electron donor is not used further at the time of polymerization and capable of 
giving polymers high in stereospecificity. 

Furthermore, by virtue of the presence of the solid titanium catalyst component of the invention, it is possible 
to obtain an olefin polymerization catalyst which is capable of giving polymers higher by far in stereospecificity 

2 
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by using the above-mentioned compound having two or more ether linkages or a specific electron donor at the 
time of polymerization. 

The first olefin polymerization catalyst of the invention is characterized in that said catalyst is formed from; 
[I] a solid titanium catalyst component for use in olefin polymerization formed by bringing (A) a solid titanium 
5 component containing titanium, magnesium, halogen and an electron donor (a<>) into contact with (B) an 

electron donor (b 0 ), either said electron donor (a<>) or electron donor (b 0 ) being a compound having at least 
two ether linkages with a plurality of intermediately existing bonding atoms; 

[lla] an organometallic compound catalyst component containing a metal selected from among those 
belonging to Groups Mil of the periodic table and, if necessary, 
10 [111] an electron donor (c) including the compound having at least two ether linkages. 

The first method of olefin polymerization of the invention is characterized by polymerizing or copolymerizing 

ethylene and/or ct-olefin in the presence of the first olefin polymerization catalyst mentioned above. 

By virtue of the use of the first olefin polymerization catalyst comprising the components [1J and [lla] in the 

first method of olefin polymerization of the invention, the polymerization reaction efficiently proceeds with high 
15 catalytic activity, giving polymers high in stereospecificity. 

In that case, when the catalyst used contains the above compound containing at least two ether linkages 

and/or a specific electron donor, namely, electron doner (c) [III] in addition to the components p\ and [lla], the 

polymers obtained arejiigh er by far in stereospec ificity. "~ 

The second olefin polymerization catalyst of the invention contains 
20 [la] a solid titanium catalyst component containing titanium, magnesium, halogen and a compound having 

at least two ether linkages with a plurality of intermediately existing bonding atom, and 
[lib] an organoaluminum compound catalyst component consisting of an organoaluminum compound con- 
taining halogen and an organoaluminum containing no halogen. 

The second method of olefin polymerization of the invention comprises polymerizing ethylene and/or a- 
25 olefin in the presence of the second olefin polymerization catalyst of the invention. 

By virtue of the use of the second olefin polymerization catalyst comprising the components [la] and [lib], 
the polymerization reaction efficiently proceeds with high catalytic activity, giving polymers high in stereospeci- 
ficity. 

In that case, when the catalyst used contains the above-mentioned electron donor (c) in addition to the 
30 components 

[la] and [lib], the polymers obtained are higher by far in stereospecificity. 
The third olefin polymerization catalyst of the invention contains 

[lb] a solid titanium catalyst component containing* titanium, magnesium, halogen and an electron donor 
(a,) (this electron donor (a,) does not include a compound having at least two ether linkages with a plurality 
35 of intermediately existing bonding atoms), 

[lib] an organoaluminum compound catalyst component consisting of an organoaluminum compound con- 
taining halogen and an organoaluminum compound containing no halogen, and 
[Ilia] a compound having at least two ether linkages with a plurality of intermediately existing bonding atoms. 
The third method of olefin polymerization of the invention comprises polymerizing or copolymerizing 
40 ethylene and/or a-olefin in the presence of the third olefin polymerization catalyst of the invention. 

By virtue of the use of the third olefin polymerization catalyst comprising the components [lb], [lib] and pila] 
in the third method of olefin polymerization of the invention, the polymerization reaction efficiently proceeds 
with high catalytic activity, giving polymers high in stereospecificity. 

The first prepolymerized polyolefin-containing catalyst of the invention is prepared by prepolymerizing ole- 
45 fin on an olefin polymerization catalyst formed from a solid titanium catalyst component [la] containing titanium, 
magnesium, halogen and a compound having at least two ether linkages with a plurality of intermediately exist- 
ing bonding atoms, and an organometallic compound catalyst component [lla] containing a metal selected from 
among those belonging to Groups Nil of the periodic table. 

By virtue of the use of the first prepolymerized polyolefin-containing catalyst of the invention, it is possible 
so to obtain an olefin polymerization catalyst which is high in activity even when an electron donor is further used 
at the time of polymerization (unless specified otherwise in the present invention, this electron donor does not 
include the above-mentioned compound having at least two ether linkages), and capable of giving polymers 
high in stereospecificity. 

The fourth olefin polymerization catalyst of the invention contains [la-Ila] the first prepolymerized polyole- 
55 fin-containing catalyst, [lla] an organometallic compound catalyst component containing a metal selected from 
among those belonging to Groups Nil of the periodic table and, if necessary, [III] the above-mentioned electron 
donor (c). 

The fourth method of olefin polymerization of the invention comprises polymerizing ethylene and/or a-olefin 
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in the presence of the fourth olefin polymerization catalyst of the invention. 

By virtue of the use of the fourth olefin polymerization catalyst comprising the components [la-lla] and [Ha] 
in the fourth method of olefin polymerization of the invention, the polymerization reaction efficiently proceeds 
with high catalytic activity, giving polymers high in stereospecificity. 
5 In that case, when the catalyst used contains the above-mentioned electron donors (c) in addition to the 

above-mentioned two components, the polymers obtained are higher by far in stereospecificity. 

The second prepolymerized polyoiefin-containing catalyst of the invention is prepared by polymerizing ole- 
fin on an olefin polymerization catalyst formed from [lb] a solid titanium catalyst component containing titanium, 
magnesium, halogen and an electron donor (a^, [Ha] an organometailic compound catalyst component con- 
10 taining a metal selected from among those belonging to Groups Mil of the periodic table and [Ilia] the above- 
mentioned compound having at least two ether linkages. 

By virtue of the use of the second prepolymerized polyoiefin-containing catalyst of the invention, it is poss- 
ible to obtain an olefin polymerization catalyst which is high in activity even when an electron donor is further 
used at the time of polymerization, and capable of giving the polymers high in stereospecificity. 
15 The fifth olefin polymerization catalyst of the invention contains [ib-lla-llla] the second prepolymerized po- 
lyoiefin-containing catalyst, [I la] an organometailic compound catalyst component containing a metal selected 
from among those belonging to Groups Mil of the periodic table and, if necessary, [III] the above-mentioned 
electron donor (c) including the compound having at least two ether linkages. 

The fifth method of olefin polymerization of the invention comprises polymerizing or copolymerizing 
20 ethylene and/or a-olefin in the presence of the fifth olefin polymerization catalyst of the invention. 

By virtue of the use of the fifth olefin polymerization catalyst in the fifth method of olefin polymerization of 
the invention, the polymerization reaction efficiently proceeds with high catalytic activity, giving polymers high 
in stereospecificity in that case, when the organometailic compound [Ha] and [lllj.the electron donor (c) are used 
in addition to the prepolymerized olefin-containing catalyst pb-IIa-HI]. 
25 The sixth method of olefin polymerization of the invention comprises a step of carry ng out polymerization 
or copolymerization of at least one alpha-olefin selected from those among alpha-olefins having not less than 
2 carbon atoms to obtain a polymer or copolymer containing not less than 70 % of alpha-olefin having not less 
than 4 carbon atoms in the presence of an olefin polymerization catalyst formed from a solid titanium catalyst 
component [la] containing titanium, magnesium, halogen and a compound having at least two ether linkages 
30 with a plurality of intermediately existing bonding atoms, and an organometailic compound catalyst component 
[Ha] containing a metal selected from among those belonging to Groups Mil of the periodic table. 

By virtue of the use of the olefin polymerization catalysttontaining the above solid titanium catalyst com- 
ponent [la] and the above organometailic compound catalyst component [Ha] in the sixth method of olefin polym- 
erization of the invention, the polymerization reaction efficiently proceeds with high catalytic activity, giving 
35 polymers high in stereospecificity. 

The seventh method of olefin polymerization of the invention comprises a step of carryng out polymerization 
or copolymerization of at least one alpha-olefin selected from those among alpha-olefins having not less than 
2 carbon atoms to obtain a polymer or copolymer containing not less than 70 % of alpha-olefin having not less 
than 4 carbon atoms in the presence of an olefin polymerization catalyst formed from a solid titanium catalyst 
40 component [lb] containing titanium, magnesium, halogen arid a donor (a1) provided that this electron donor 
(a1) does not include a compound having at least two ether linkages with a plurality of intermediately existing 
bonding atoms, an organometailic compound catalyst component [Ha] containing a metal selected from among 
those belonging to Groups Mil of the periodic table and a compound having at least two ether linkages with a 
plurality of intermediately existing bonding atoms [Ilia]. 
45 By virtue of the use of the olefin polymerization catalyst containing the above solid titanium catalyst com- 
ponent [lb] and the above organometailic compound catalyst component [Ha] and the above compound having 
at least two ether linkages [Ilia] in the seventh method of olefin polymerization of the invention, the polymeri- 
zation reaction efficiently proceeds with high catalytic activity, giving polymers high in stereospecificity. 

so BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1-5 are given to illustrate concrete examples of the processes for the preparation of the first to fifth 
olefin polymerization catalysts. 

Figs. 6 and 7 are given to illustrate concrete examples of the processes for the preparation of olefin polym- 
55 erization catalysts used in the sixth or seventh olefin polymerizaiton method. 
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DETAILED DESCRIPTION OF THE INVENTION 

The first to third olefin polymerization catalysts and catalysts used for the first and second prepolymerized 
polyojefin-containing catalysts and the sixth and seventh olefin polymerization method of the present invention 
are prepared by using specific solid titanium catalyst components [I], [la] and [lb], respectively. 

In the first olefin polymerization catalyst of the invention, the above-mentioned solid titanium catalyst com- 
ponent fl] of the present invention is used. 

This solid titanium catalyst component [I] is obtained by the contact of a solid titanium component (A) con- 
taining titanium, magnesium, halogen and an electron donor (a 0 ) with an electron donor (b 0 ), wherein either 
said electron donor (a©) or electron donor (b 0 ) is a compound having at least two ether linkages with a plurality 
of intermediately existing bonding atoms. 

The first olefin polymerization catalyst of the invention is formed by the contact of this solid titanium catalyst 
component [I] with an organoaluminum catalyst component [Ha] which will be mentioned later. 

The solid titanium component (A) used in the preparation of this solid titanium catalyst component [I] is 
prepared, for example, by bringing a magnesium compound, a titanium compound and the above-mentioned 
electron donor (a<,) into contact with one another, said electron donor (a 0 ) may be a compound having at least 
two ether linkages. 

The magnesium compound used in the preparation of the solid titanium component (A) includes those hav- 
ing reducing ability or those having no reducing ability. 

The magnesium compounds having reducing ability referred to above include, for example, organomag- 
nesium compounds represented by the formula XnMgR^n wherein n is 0^n<2, R is hydrogen, alkyl of 1-20 car- 
bon atom, aryl or cycloalkyt, when n is 0, Rs may be the same or different, and X is halogen. 

Concrete examples of such organomagnesium compounds as having reducing ability include dimethylmag- 
nesium, diethyimagnesium, dipropyirnagnesium, dibutylmagnesium, diamylmagnesium, dihexyl magnesium, 
didecylmagnesium, methylmag nesium chloride, propylmagnesium chloride, butylmag nesium chloride, hexyl- 
magnesium chloride, amylmagnesium chloride, butyl ethoxy mag nesium, ethyl butyl mag nesium, octylbutylmag- 
nesium, butyimagnesium hydride. These magnesium compounds exemplified above may be singly, or they may 
form complex compounds with organoaluminum compounds which will be mentioned later. These magnesium 
compounds used may be either a liquid or a solid. 

Concrete examples of the magnesium compounds having no reducing ability include; 

magnesium halides such as magnesium chloride, magnesium bromide, magnesium iodide and mag- 
nesium fluoride; 

alkoxymagnesium halides such as methoxymag nesium chloride, ethoxymagnesium chloride, isop- 
ropoxymagnesium chloride, butoxymag nesium chloride and octoxymagnesium chloride; 

aryioxymagnesium halides such as phenoxymagnesium chloride and methyl phenoxy mag nesium chlo- 
ride; 

alkoxymagnesrums such as ethoxymagnesium, isopropoxy magnesium, butoxymagnesium, n- 
octoxymagnesium and 2-ethylhexoxymag nesium; 

aryloxymagnesiums such as phenoxymagnesium and dimethylphenoxymagnesium; 
magnesium carboxylates such as magnesium laurate and magnesium stearate. 

The magnesium compounds having no reducing ability exemplified above may be those derived from the 
above-mentioned magnesium compounds having reducing ability or may be those derived at the time of pre- 
paration of the catalyst component. The magnesium compounds having no reducing ability may be derived from 
the magnesium compounds having reducing ability, for example, by bringing the magnesium compounds hav- 
ing reducing ability into contact with a halogen containing compound or a compound having OH group or active 
carbon-oxygen bond such as polysiloxane compounds, halogen containing silane compounds, halogen con- 
taining aluminum compounds, esters or alcohols. 

Besides the above-mentioned magnesium compounds having reducing ability or having no reducing ability, 
the magnesium compounds used for the purposes intended may be complex compounds or double compounds 
with other metals or mixtures with other metals. Furthermore, the magnesium compounds used may be mixtures 
of two or more kinds of the above-mentioned compounds, and they may be used either in a liquid or solid state. 
When the magnesium compounds used are solid, they may be liquefied with alcohols, carboxylic acids, 
aldehydes, amines and esters of metallic salts. 

Of these magnesium compounds, preferred are those having no reducing ability, especially those contain- 
ing halogen. Of the halogen containing magnesium compounds, preferred are magnesium chloride, alkoxy 
magnesium chloride and aryloxy magnesium chloride. 

As the titanium compound used in the preparation of the solid titanium component (A), a titanium compound 
in the liquid state is preffered and includes, for example, tetravalent titanium compound represented by the gen- 
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era! formula 

Ti <OR) a XH, 

wherein R is a hydrocarbon radical, X is halogen, and 0^g^4. More concretely, these titanium compounds in 
the lipuid state include titanium tetrahalide such as TiCI 4 , TiBr 4 or Til 4 ; alkoxy titanium trihalide such as Ti 
(OCH 3 )a 3 , Ti(OC2H 5 )CI 3 , Ti(On-C 4 H 9 )CI 3 , Ti(OC 2 H 5 )Br 3 or Ti(Oiso-C 4 H9)Br 3 ; alkoxy titanium dihalide such as 
Ti(OCH 3 ) 2 CI 2 , TKOC2H 5 ) 2 CI 2 , Ti(On-C 4 H 9 ) 2 CI 2 or Ti(OC 2 H 5 ) 2 Br 2 ; alkoxy titanium mo nohalide such as 
Ti(OCH 3 ) 3 CI, Tt(OC 2 H 5 ) 3 CI, Ti(On-C 4 H 9 ) 3 CI or Ti(OC 2 H 5 ) 3 Br, and tetraalkoxy titanium such as Ti(OCH 3 ) 4 , 
TKOCjHs^, Ti(On-C 4 H 9 ) 4 , Ti(Oiso-C 4 H 9 ) 4 , Ti(0-2-ethylhexyl) 4 , Ti(OCH 3 ) 4 , Ti(OC 2 H 5 ) 4 , Ti(On-C 4 H 9 ) 4 , Ti (Oiso- 
C 4 H 9 ) 4 or Ti(o-2-ethy1hexyl) 4 . 

Of these liquid titanium compounds exemplified above, preferred are titanium tetrahalides, especially 
titanium tetrachloride. These titanium compounds may be used either singly or in admixture, or may be used 
after dilution in hydrocarbon or halogenated hydrocarbon. 

In the solid titanium component (A) used in the olefin polymerization catalyst of the invention, there is used 
a compound having at least two ether linkages with a plurality of intermediately existing bonding atoms and/or 
an electron donor (a^ other than said compound having at least two ether linkages as an electron donor (ao). 
in addition to the above-mentioned magnesium and titanium compounds. 

The compound having at least two ether linkages used in the preparation of the solid titanium compound 
(A) of the invention includes those having the above intermediately existing bonding atoms composed of at least 
one kind of atom selected from among carbon, silicon, oxygen, sulfur, phosphorus and boron. Of these com- 
pounds mentioned above, preferred are those in which a relatively bulky substituent attaches to the atom inter- 
mediately existing between the ether linkages and a plurality of carbon atoms are contained in the atoms 
existing between at least two ether linkages. 

Such compound having at least two ether linkages as mentioned above includes, for example, those rep- 
resented by the following formula 




wherein n is an integer of 2^n^10, R 1 -R 26 are each a substituent having at least one element selected from 
among carbon, hydrogen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, any of R 1 -R 26 , preferably 
Ri-R2n ma y f 0nTlt together a ring other than a benzene ring, and the main chain of the compound may contain 
atoms other than carbon. 

The compound having at least two ether linkages as illustrated above includes 2-(2-ethyIhexyl)-1,3- 
dimethoxypropane, 2-isopropyl-1.3-dimethoxypropane, 2-butyl-1,3-dimethoxypropane, 2-s-butyl-1,3-dime- 
thoxypropane, 2-cyclohexyl-1 ,3-dimethoxy propane, 2-phenyl-1,3-dimethoxypropane, 2-cumyl-1,3- dime- 
thoxypropane, 2-(2- phenyl ethyl)- 1, 3-d imethoxypropane, 2-(2-cyclohexylethyi)-1,3-dimethoxypropane, 2-(p- 
chlorophenyi)-1,3-dimethoxypropane, 2-(diphenylmethyl)-1,3-dimethoxypropane, 2-(1-naphthyl)-1,3-dime- 
thoxypropane, 2-(2-fIuorophenyt)-1 ,3-dimethoxypropane, 2-(1-decahydronaphthyl)-1,3- dimethoxyp- ropane, 
2-(p-t-butyiphenyl)-1 ,3-dimethoxypropane, 2,2-dicyclohexyl-1 ,3-dimethoxy propane, 2,2-diethyl-1 ,3-dime- 
thoxypropane, 2,2-dipropyM,3-dimethoxypropane, 2,2-dibutyM ,3-dimethoxypropane, 2-methyi-2-propyi-1,3- 
dimethoxypropane, 2-methyt-2-benzyl-1 ,3-dimethoxypropane, 2-methyj-2-ethyi-1 ,3- dimethoxyp- ropane, 
2-methyl-2-iso-propyI-1 ,3-dimethoxypropane, 2-methyl-2-phenyl-1 ,3-dimethoxypropane, 2-methy!-2-cyc- 
lohexyl-1 f 3-d imethoxypropane, 2,2-bis(p-chlorophenyl)-1 ,3-dimethoxypropane, 2,2-bis(2-cyclohexyiethyl)- 
1 ,3-dimethoxypropane, 2-methyl-2-iso-butyi-1 ,3-dimethoxypropane, 2-methyi-2-(2-ethylhexyt)-1 ,3- dime- 
thoxypropane, 2,2-dHSObutyi-1 ,3-dimethoxypropane, 2,2-diphenyl-1 i ,3-dimethoxypropane, 2,2-dibenzyl-1,3- 
dimethoxypropane, 2,2-bis(cyclohexylmethyl)-1 ,3-dimethoxypropane, 2,2-di-iso-butyl-1 ,3-diethoxy propane, 
2,2-di-iso-butyM ,3-dibutoxypropane, 2-iso-butyl-2-iso-propyl-1 ,3-dimethoxypropane, 2,2-di-s-butyM ,3- 
dimethoxypropane, 2,2-di-t-butyl-1,3-dimethoxypropane, 2,2-dineopentyl-1,3-dimethoxy pro pane, 2-iso-pro- 
pyl-2-iso-pentyl-1,3-dimethoxypropane, 2-phenyl-2-benzyl-1 ,3-dimethoxypropane, 2-cyclohexyi-2- cyc- 
lohexylmethyi-1,3-dimethoxypropane, 2,3-diphenyl-1,4-diethoxy butane, 2, 3-dicyclohexyi-1,4-diethoxy butane, 
2 ( 2-dibenzyl-1,4-diethoxybutane, 2,3-dicyclohexyl-1,4-diethoxybutane, 2,3-di-iso-propyl-1,4-diethoxybutane, 
2,2-bis(p-methylphenyl)-1 ,4-dimethoxybutane, 2,3-bis(p-chIorophenyi)-1 ,4-dimethoxybutane, 2,3-bis(p-fluoro- 
phenyl)-1 t 4-dimethoxybutane, 2,4-diphenyl-1,5-dimethoxypentane, 2,5-diphenyM,5-dimethoxyhexane, 2,4- 
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di-iso-propyM,5-dimethoxypentane, 2,4-di-iso-butyl-1,5-dimethoxypentane, 2,4-di-iso-amyl-1,5-dimethoxy- 
pen-tane, 3-methoxymethyltetrahydrofuran, 3-methoxymethyldioxane, 1, 3-d Hso-amyloxy propane, 1,2-di-iso- 
butoxypropane, 1 ,2-di-iso-butoxyethane, 1,3-di-iso-amyloxyethane, 1 ,3-di-iso-amvloxyproga ne. 1,3-dMso- 
neopentyloxyethane, 1, 3-d ineopentyioxy propane, 2,2-tetramethylene-1s3-dimethoxypropane, 2,2-pentame- 
thylene-1 ,3-dimethoxypropane, 2, 2-hexamethyiene-1, 3-d imethoxy propane, 1 ,2-bis(methoxymethyi)cyclo- 
hexane, 2 f 8-dioxaspiro[5 f 5]undecane, 3,7-dioxabicyclo[3,3,1]nonane, SJ^toxabicydoPAOJoctane, 3,3-di- 
iso-butyl-1,5-oxononane, 6,6-dMso-butyldioxyheptane, 1,1-dimethoxymethylcyclopentane, 1,1-bis(dimethoxy- 
methyl)cyclohexane. 1,1-bis(methoxymethyl)bicyclot2,2,1]heptane f 1,1-dimethoxymethylcyclopentane, 2-me- 
thyl-2-methoxymethyl-1 ,3-dimethoxypropane, 2-cyclohexyl-2-ethoxyrnethyl-1 ,3-dimethoxypropane, 2-cyc- 
lohexyl-2-methoxyethyl-1 ,3-dimethoxypropane, 2, 2-di-iso-butyM ,3-dimethoxycyclohexane, 2-iso-propyt-2- 
iso-amyH ,3-dimethoxycyclohexane, 2-cyclohexyl-2-methoxym ethyl- 1,3-diethoxycyclohexane, 2-iso-propyl- 
2-methoxymethyl-1 ,3-dimethoxycyclohexane, 2-iso-butyl-2-methoxymethyt-1 ,3-dimethoxycyclohexane, 2- 
cyclohexyl-2-ethoxymethy-1 ,3-diethoxycyclohexane, 2-cyclohexyl-2-ethoxymethyl-1 ,3-dimethoxycyclohe- 
xane, 2-iso-propyl-2-ethoxymethyi-1 ,3-dimethoxycyclohexane, 2-iso-propyl-2-ethoxymethyl-1 ,3-dimethoxy- 
cyc-lohexane, 2,-iso-butyl-2-ethoxymethy|-1 ,3-diethoxycyclohexane, 2-iso-butyl-2-ethoxymethyl- 1,3- dime- 
thoxycyclohexane, tris(p-methoxyphenyl)phospine, methl phenyl bis(methoxymethyi)silane, diphenylbis(me- 
thoxymethyl)si!ane, methylcyclohexylbis(methoxymethyl)silane, di-t-buty1bis(methoxymethyf)silane, cyo- 
lohexyl-t-butylbis(methoxymethyl)silane and iso-propyl-t-butylbis(methoxymethyl)silane. 

Of these compounds, preferred are 1,3-diethers/espesially, 2,2-di-iso-butyl-1,3-dimethoxypropane, 2-iso- 
propyl-2-iso-pentyl-1 ,3-dimethoxypropane, 2,2-dicyclohexyl-1,3 dimethoxypropane and 2,2-bis(cyclohxylme- 
thyl)1 ,3-dimethoxypropane. 

The electron donor (a^ used in the solid titanium component (A) in addition to the above-mentioned com- 
pound having at least two ether linkages includes organic ester, organic acid halide, organic acid anhydride, 
ether, ketone, aldehyde, tertiary amine, phosphorous ester, phosphate ester, phosphate amide, carboxylic acid 
amide, nitryi. The concrete examples of the above compounds include ketones having 3-15 of carbon atoms 
such as acetone, methyl ethyl ketone, methyl iso-butyl ketone, acetophenone, benzophenone, cyclohexanone 
and benzoquinone; aldehydes having 2-15 of carbon atoms such as acetaldehyde, propionaldehyde, octylal- 
dehyde, benzaldehyde, tolualdehyde and naphthoaldehyde; organic esters such as methyl formate, methyl 
acetate, ethyl acetate, vinyl acetate, propyl acetate, octyl acetate, cyclohexyl acetate, ethyl propionate, methyl 
butyrate, ethyl valerate, methyl chloroacetate, ethyl dichloroacetate, methyl methacryiate, ethyl crotonate, ethyl 
cyclohexanecarboxylate, methyl benzoate, ethyl benzoate, propyl benzoate, butyl benzoate, octyl benzoate, 
cyclohexyl benzoate, phenyl benzoate, benzyl benzoate, methyl toluate, ethyl toluate, amyl toluate, ethyl ethyl- 
benzoate, methyl anisate, ethyl anisate, ethyl methoxy benzoate, gamma-butyrolactone, sigmma-valerolac- 
tone, coumarin, phthalide and ethyl carbonate; acid halides having 2-15 of carbon atoms such as acetyl 
chloride, benzoly chloride, toluic acid chloride and anisic acid chloride; ethers having 2-20 of cairbone atoms 
such as methyl ether, ethyl ether, iso-propyl ether, butyl ether, amyl ether, tetrahydrofrafie.^anysole and 
diphenyl ether acid amides such as N,N-dimethylacetoamide, N,N-diethylbenzoamide ani^r<N-dimetyf-toly- 
lamide; tartiary amines such as trimethylamine, triethyiamine, tributylamine, tri benzyl amine, and tet- 
ramethylethyl diamine, and of these compounds exemplified above, preferred are aromatic carboxylic acid 
esters. These compounds may be used in combination of two or more. 

Furthermore, polycarboxylic acid esters may be mentioned as particularly preferred examples of the 
organic acid esters mentioned above, and they include such compounds as having a skeleton represented by 
the following general formula. 



R 3 - C - COOR 1 
R 4 - C - COOR 2 , 

wherein R 1 is a substituted or unsubstituted hydrocarbon radical, R 2 , R 5 and R 6 are each hydrogen or a sub- 
stituted or unsubstituted hydrocarbon radical, R 3 and R 4 are each hydrogen or a substituted or unsubstituted 
hydrocarbon radical, preferably at least one of R 2 , R 5 and R 6 , and at least one of R 3 and R 4 is a substituted or 
unsubstituted hydrocarbon radical, R 3 and R 4 may be connected to each other, and when R'-R 6 are each a 
substituted hydrocarbon radical, the substituent thereof includes such groups as containing at least one atom 
different from carbon atom such as N, O, or S, for example, C-O-C, COOR, COOH, OH, S0 3 H, -C-N-C- and 
NH 2 . 

Such polycarboxylic acid esters as illustrated above include concretely; aliphatic polycarboxylates such 



R 3 v. .COOR 1 

R 3 - C - OCOR 5 
R 4 / ^COOR 2 or R 4 - C - OCOR 6 
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as diethyl succinate, dibutyl succinate, diethyl methylsuccihate. d-iso-butyl alpha-met WpMamato. < Mh* 
methylmalonate, diethyl ethylmalonate. diethyl isc-propylmalonate. diethyl butylma ona e. diethyl phenylma o- 
nate, diethyl diethylmalonate. diethyl dibutylmalonate. monooctyl maleate. dioctyl maleate. dibutyl maleate. 
dibutyl butyimaleate. diethyl butyimaleate. di-iso-propyl beta-metylglutarate. diallyl emylsuccinat* d^thyl- 
hexyl fumarate diethyl itaconate and dioctyl citrate; cycloaliphatic polycarboxylates suh as ^^' l ' 2 ^ <> 
lohexaneearboxylate, di-iso-butyl 1 ,2-cyclohexanecarboxylate. diethyl tetrahydrophthalate and diethyl nadate; 
aromatic polycaroxylates such as monoethyl phthalate. dimethyl phthalate. methylethyl phthalate mono-.so- 
butyl phthalate. diethyl phthalate. ethyl-iso-butyl phthalate. di-n-propyl phthalate. di-iso-propyi Phthalate. d.-n- 
butyl phthalate. di-isc-butyl phthalate. di-n-heptyl phthalate. di-2-ethyhexyl phthalate. di-n-octyl phthalate. 
dineopentyl phthalate. didecyl phthalate. benzylbutyl phthalate. diphenyl phthalate. diethyl naphta enedicar- 
boxylate. dibutyl naphthalene dicarboxylate. triethyl trimellitate. dibutyl trimellitate; and heterocyclicpolycar- 
boxylates such as 3,4-furane dicarboxylate. 

Examples of polycarboxylic acid esters other than those exemplified above include long dicarboxyhc acid 
esters such as diethyl adipate. dMso-butyl adipate. dMso-propyl sebacate. di-n-butyl sebacate, di-n-octyl seba- 
cate. di-2-ethylhexyl sebacate. Of these compounds exemplified above, preferred are carboxyhc aad esters, 
especially polycarboxylic acid esters and. in particular, phthalic esters. 

The solid titanium component (A) used in the invention may also be prepared by bringing the above-men- 
tioned magnesium compound, liquid titanium compound and electron donor (a,) into contact with a earner com- 
pound and an organic and inorganic compound containing silicon, phosphorus or aluminum used as a reaction 
assistant. 

As the carrier compound referred to above, there may be mentioned A1 2 0 3 , Si0 2 . BaP* MgO, CaO, Ti0 2 . 
ZnO. Zn0 2 , Sn0 2 , BaO, ThO. and such resins as styrene/divinylbenzene copolymers. Of these earner com- 
pounds, preferred are. A1 2 0 3 , Si0 2 and styrene/divinylbenzene copolymers. 

The electron donor (a,,) is not always used as a starting material, and it may also be formed in the course 
of preparation of the solid titanium component (A). 

The solid titanium component (A) used in the invention is prepared by bringing the above-mentioned mag- 
nesium compound, liquid titanium compound and electron donor (ao) into contact with one another. 

Briefly set below, by way of illustration but not of limitation, are several examples of the process for the 
preparation of the solid titanium component (A). 

(1) A process wherein the above-mentioned magnesium compound, compound having at least two ether 
linkages, and titanium compound are brought into contact with one another in any order, and the contacted 
mixture is allowed to undergo reaction. In carrying out this reaction, each reactant may be pretreated with 
a reaction assistant such as the compound having at least two ether linkages and/or the electron donor 
(a,) an organoaluminum compound or a halogen containing silicon compound. 

(2) A process wherein a liquid magnesium compound having no reducing ability is allowed to react with a 
liquid titanium compound in the presence of the above-mentioned compound having at least two ether lin- 
kages thereby depositing a solid magnesium titanium composite. 

(3) A process wherein the reaction product obtained in the process (2) is allowed to react further with a 

titanium compound. ... 

(4) A process wherein the reaction product obtained in the process (1) or (2) is allowed to react further with 

an electron donor (a 0 ) and a titanium compound. 

(5) A process wherein a solid product obtained by pulverizing a magnesium compound, the above-men- 
tioned compound having at least two ether linkages and a titanium compound is treated with any of halogen, 
a halogen containing compound and an aromatic hydrocarbon. This process may contain a step of pulveri- 
zing only the magnesium compound or the magnesium compound and the compound having at least two 
ether linkages, or the magnesium compound and the titanium compound in the presence of or in the abc- 
ence of a pulverizing assistant. The pulverized product may be pretreated with a reaction assistant, followed 
by treatment with halogen. The reaction assistant used herein includes organoaluminum compounds or 
halogen containing silicon compounds. 

(6) A process wherein the solid product obtained in the processes (1) to (4). respectively, is treated with 
halogen, a halogen compound or an aromatic hydrocarbon. 

(7) A process wherein a catalytic reaction product resulting from the reaction of a metallic oxide with an 
organomagnesium compound and a halogen containing compound is brought into contact with the above- 
mentioned compound having at least two ether linkages and a titanium compound. 

(8) A process wherein a magnesium compound such as magnesium salt of an organic acid, alkoxymag- 
nesium or aryloxymagnesium is brought into contact with the above-mentioned compound having at least 
two ether linkages, and at least one compound sellected from among a titanium compound and a halogen 
containing hydrocarbon. 
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(9) A process wherein a hydrocarbon solution containing at least a magnesium compound and alkoxytf- 
tanium, a titanium compound, the above-mentioned compound having at least two ether linkages and if 
necessary, a halogen containing compound such as a halogen containing silicon compound are allowed 
to undergo reaction. 

5 (10) A process wherein a magnesium compound in the liquid state having no reducing ability is allowed to 

react with an organoaluminum compound to deposit a solid magnesium aluminum composite, followed by 
reaction with the above-mentioned compound having at least two ether linkages and a titanium compound 
The amounts of the magnesium compound, titanium compound in the liquid state and electron donor (a*) 
used in the preparation of the solid titanium component (A) by the above-illustrated processes vary depending 
io upon the kind of each compound used, conditions, and contacting order. Generally, however, there are used 
based on 1 mole of the magnesium compound, the electron donor (ag) in an amount of 0.01-5 moles, preferably' 
0.1-1 mole, and the liquid titanium compound in an amount of 0.1-1000 moles, preferably 1-200 moles 

-J„ h t temperatUre at Which these com P° unds ar e brought into contact with one another is usually from -70° 
to 200°C, preferably -30-1 50°C. 

15 The solid titanium component (A) thus obtained contains titanium, magnesium, halogen and election donor 

( a o)» 

In this solid titanium component (A), halogen/titanium (atomic ratio) is 2-100. preferably 4-90, electron 
donor (a 0 )/titanium (molar ratio) is 0.01-1 00, preferably 0.2-1 0, and magnesium/titanium (atomic ratio) is 2-100 

preferably 4-50. ' 

20 _ The solid titanium catalyst component FJ] for olefin polymerization of the present invention is formed by 
bringing the above-mentioned solid titanium component (A) into contact with (B) an electron donor (bo) 

The electron donor (bo) used herein includes, in addition to the above-mentioned electron donor (ao) that 
is. the compound having at least two ether linkages and the electron donor (a,), an electron donor (b,) including 
an organosihcon compound, a nitrogen containing compound, an oxygen containing compound and a phos- 

25 phorus containing compound. Of these compound, preferred are the compound having at least two ether lin- 
kages and the organosilicon compound. The organosilicon compound used as the electron donor (b,) includes 
those represented by the following general formula. 

u . „ R„Si(OR')4.„ 
wherein R and R' are each a hydrocarbon radical, and 0<n<4. 

30 The organosilicon compound represented by the above-mentioned general formula includes concretely 

fr.methylrnethoxysilane. trimetylethoxysilane. dimetyldimethoxysilane. dimethyldiethoxysilane, dHso-propyl- 
dimethyoxysilane, t-butylmethyldimethoxysilane, t-bGtylethyldimethoxysilane. t-amylmethyldiethoxysflane, 
d.phenyld.methoxysilane, phenylmethyldimethoxysilane. diphenyldiethoxysilane. bis-o-tolyldimethoxysilane 
b.s-m-tolyld.methoxysilane. bis-p-tolyldimethoxysilane. bis-p-tolyldiethoxysilane, biS(ethyJphenyl)dimethoxys^ 

35 lane, dicyclohexyldimethoxysilane. cyclohexylmethyldimethoxysilane, cyclohexylmethyldiethoxysilane. ethyl- 
fr.methoxys.lane. ethyltriethoxysilane. vinyltrimethoxysilane. methyltrimethoxysilane. n-propyltriethoxysBane 
decyltnmethoxysilane, decyltriethoxysilane, phenyltrimethoxysilane, gamma-chloropropyltrimethoxysOane 
methyltnethoxysilane. ethyltriethoxysilane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyttriethoxysBane! 
BO-butyltnethoxysilane. phenyltriethoxysilane. gamma-aminopropyltriethoxysilane, chlorotriethoxysBane 

40 ethyltn-iso-propoxysilane. vinyltributoxysilane. cyclohexyltrimethoxysilane, cydohexyltriethoxysilane, 2-nor- 
bornanetnmethoxysilane, 2-norbornanetriethoxysilane. 2-norbomanemethyldimethoxysilane. ethyl silicate 
butyl s.hcate. trimethylphenoxysilane, methyltriallyloxysilane. vinyltris(beta-methoxyethoxysilane). vinyk 
tnacetoxysilane, dimethyltetraethoxydisiloxane. cydopentyltrimethoxysnane. 2-methylcydopentyl- 
tnrnethoxysDane. 2.3-dimethylcyclopentyltriethoxysilane, cyclopentyltrimethoxysilane, dicydopen- 

45 tyldimethoxysilane. bis(2-methylcydopentyl)dimethoxysilane. bis(2.3-dimethylcydopentyl)dimethoxysflane 
dicydopentyldiethoxysilane. tricydopentylmethoxysilane. tricydopentylethoxysilane. dicyclopenl 
tylmethylmethoxysilane. dicydopentylethylmethoxysilane, hexenyltrimethoxysilane, dicyclopentylmethyl- 
ethoxysilane, cydopentyldimethylmethoxysaane. cydopentyldiethylmethoxysilane, cydopentyldimethyl- 
ethoxysHane. Of these compounds examplified above, prefferred are ethyltriethoxysilane, n-propyltriethoxysi- 

50 lane, t-butyltriethoxysilane. vinyl triethoxysilane. phenyl triethoxysilane. vinyl tribytoxysnane. diphenyl- 
dimethoxysilane. phenylmethyldimethoxysilane. bis-p-tolyldimethoxysilane. p-tolylmethyldimethoxysiiane. 
d.cydohexylmethoxysilane. cydohexylmethyldimethoxysilane. 2-norbomanetriethoxysBane 2-norbor- 
nanemethyldimethoxysilane. phenyltriethoxysBane. dicydopentyldimethoxysflane. hexenyltrimethoxysnane, 
cydopentyltriethoxysilane, tricydopentylmethoxysilane and cydopentyldimethylmethoxysilane. These 
55 organosilicon compounds may also be used in admixture of two or more. 

As mentioned above, in addition to the organosilicon compound as exemplified above, there may be used 
as the electron donor (b,) a nitrogen containing compound, an oxygen containing compound and a phosphorus 
containing compound. 



9 



EP 0 452 156 A2 




10 



EP 0 452 156 A2 




2.5-substituted piperidines such as those having the following structural formula 




substituted methylenediamines such as N,N,N\N'-tetramethylmethylenediamine and N,N,N\N'-tet- 
raethylmethylenediamine; and 

substituted imidazolidine such as 1 , 3-d i benzyl i mid azol id in e and 1 f 3-dibenzy1-2-phenyiimidazolidine. 
The phosphorus containing compound used herein includes concretely phosphorous acid esters such as 
triethy! phosphite, tri-n-propyl phosphite, triisopropyl phosphite, tri-n-butyl phosphite, triisobutyl phosphite, die- 
thyl-n-butyl phosphite and diethylphenyl phosphite. 

The oxygen containing compound used herein includes 2,6-substituted tetrahydropyranes such as those 
having the following structural formulas 
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and 2,5-substituted tetrahydropyranes such as having the following formula. 



CH 3 




C ' 

/\ • 

CH 3 CH 3 

These compounds may be used either singly or admixture. 

When the solid titanium catalyst component [I] is obtained by the contact of the solid titanium component 
(A) with the electron donor (b 0 ), the amount of the electron donor (b 0 ) used is 0.1-50 moles, preferably 0.5-30 
moles and especially 1-10 moles based on 1 mole of titanium atom of the solid titanium component (A). In that 
case, if necessary, an organometallic compound [Ha] as will be mentioned later may be used in an amount of 
0.1-300 moles, preferably 0.5-100 moles and especially 1-50 moles based on 1 mole of titanium atom of the 
solid titanium component (A). 

In the solid titanium catalyst component [I], as illustrated above, the electron donor (a 0 ) and (b 0 ) used in 
the preparation of the solid titanium component (A) may be electron donors other than the above-mentioned 
compounds having at least two ether linkages, and at least one of the electron donors (ao) and (bo) used in the 
solid titanium component (A) must contain the compound having at least two ether linkages. 

The second olefin polymerization catalyst of the present invention contains a solid titanium catalyst com- 
ponent pa] containing titanium, magnesium, halogen and a compound having at least two ether linkages with 
a plurality of intermediately existing bonding atoms, and the third olefin polymerization catalyst of the invention 
contains a solid titanium catalyst component pb] containing titanium, magnesium, halogen and the electron 
donor (a^. 

The solid titanium catalyst component pa] or [lb] may be prepared by the contact of the magnesium com- 
pound, a titanium compound, the above-mentioned compound having at least two ether linkages or the electron 
donor (a,) with one another, and said compounds are used in the preparation of the above-mentioned solid 
titanium component (A). In the case of the solid titanium catalyst component [la], however, the electron donor 
(a,) may be used together with the compound having at least two ether linkages. 

Furthermore, the solid titanium catalyst component [la] or pb] may also be prepared by the manner as men- 
tioned above while using also the same organic and inorganic compounds as the carrier compounds or reaction 
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assistants as used in the case of the preparation of the above-mentioned solid titanium component (A). 

The above-mentioned electron donor (a,) is not always used as a starting material, and can also be formed 
in the course of the preparation of the solid catalyst component [la] or [lb]. 

The solid titanium catalyst component [la] is prepared, as illustrated above, by bringing the above-men- 
tioned magnesium compound, liquid titanium compound, compound having at least two ether linkages and, if 
necessary, carrier compound and electron donor (a t ) into contact with one another. 

Briefly set below, by way of illustration but not limitation, are several examples of the process for the pre- 
paration of the solid titanium catalyst component [la] using the above-mentioned compounds. 

(1) A process wherein the magnesium compound, compound having at least two ether linkages and 
titanium compound are brought into contact with one another in any order and allowed to undergo reaction. 
In carrying out this reaction, each reactant may be pretreated with the compound having at least two ether 
linkages and/or the electron donor (a,) or with a reaction assistant such as an organoaluminum compound 
or a halogen containing silicon compound. 

(2) A process wherein a magnesium compound in the liquid state having no reducing ability is allowed to 
react with a titanium compound in the liquid state, thereby depositing a solid magnesium titanium compo- 
site. 

(3) A process wherein the reaction product obtained in the process (2) is allowed to react further with the 
titanium compound. 

(4) A process wherein the reaction product obtained in the process (1) or (2) is allowed to react further with 
the electron donor (aO and the titanium compound. 

(5) A process wherein a solid product obtained by pulverizing the magnesium compound, compound having 
at least two ether linkages and titanium compound is treated with any of halogen, a halogen containing 
compound and an aromatic hydrocarbon. In this process, there may also be involved a step of pulverizing 
only the magnesium compound, or the magnesium compound hand the compound having at least two ether 
linkages, or the magnesium compound and the titanium compound in the presence of or in the absence 
of a pulverizing assistant After pulverization, the solid product obtained may be pretreated with the reaction 
assistant, followed by treatment with halogen or the like. The reaction assistant used includes an 
organoaluminum compound or a halogen containing silicon compound. 

(6) A process wherein the product obtained in any of the processes (1) to (4) is treated with halogen, a 
halogen containing compound or an aromatic hydrocarbon. 

(7) A process wherein a catalytic reaction product of a metallic oxide, an organomagnesium compound and 
a halogen containing compound is brought into contact with the compound having at least two ether lin- 
kages and the titanium compound. 

(8) A process wherein a magnesium compound such as magnesium salt of an organic acid, alkoxymag- 
nesium or allyloxymagnesium is brought into contact with the compound having at least two ether lin- 
kages,and at least one compound sellected from among the titanium compound and a halogen containing 
hydrocarbon. 

(9) A process wherein a hydrocarbon solution containing at least the magnesium compound and alkoxytt- 
tanium, the titanium compound, the compound haying at least two ether linkages and, if necessary, a halo- 
gen containing compound such as a halogen containing silicon compound are allowed to undergo reaction, 

(10) A process wherein a magnesium compound in the liquid state having no reducing ability is allowed to 
react with an organoaluminum compound, thereby depositing a solid magnesium aluminum composite, fol- 
lowed by reaction with the compound having at least two ether linkages and the titanium compound. 
When the solid titanium catalyst component [la] is prepared by the processes as illustrated above, the 

amounts of the magnesium compound, liquid titanium compound and compound having at least two ether lin- 
kages vary depending upon the kind of the compounds used, contact conditions and contacting order employed. 
Generally, however, there may be used, based on 1 mole of magnesium atom of the magnesium compound, 
the compound having at least two ether linkages in an amount of 0.01-5 moles, preferably 0.1-1 mole, and the 
titanium compound in the liquid state in an amount of 0.1-1000 moles, preferably 1-200 moles. 

The temperature at which these compounds are brought into contact with one another is usually from -70°C 
to 200°C, preferably 10-1 50°C. 

The solid titanium catalyst component [la] contains titanium, magnesium, halogen and the above-men- 
tioned compound having at least two ether linkages. 

In this solid titanium catalyst component [la] t halogen/titanium (atomic ratio) is 2-100, preferably 4-90, the 
compound having at least two ether linkages/titanium (molar ratio) is 0.01-100, preferably 0.2-10, and mag- 
nesium/titanium (atomic ratio) is 2-100, preferably 4-50. 

The solid titanium catalyst component [lb] used in the present invention may be prepared by bringing the 
magnesium compound, titanium compound in the liquid state, electron donor (a,) and, if necessary, the earner 
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compound or the like into contact with one another. 

Briefly set forth below, by way of illustration but not limitation, are several examples of the process for the 
preparation of the solid titanium catalyst component [lb], 

(1) A process wherein the magnesium compound, electron donor (a,) and titanium compound are brought 
5 into contact with one another and allowed to undergo reaction. In carrying out this reaction, each compound 

may be pretreated with the electron donor fa) and/or a reaction assistant such as an organoaluminum com- 
pound or a halogen containing silicon compound. In this process, the electron donor (a^ is used at least 
one time. 

(2) A process wherein a magnesium compound in the liquid state having no reducing ability is allowed to 
10 react with the titanium compound in the liquid state in the presence of the electron donor (a^, thereby 

depositing a solid magnesium titanium composite. 

(3) A process wherein the reaction product obtained in the process (2) is allowed to react further with the 
titanium compound. 

(4) A process wherein the reaction product obtained in the process (1 ) or (2) is allowed to react further with 
15 the electron donor fa) and the titanium compound. 

(5) A process wherein a solid product obtained by pulverizing the magnesium compound, electron donor 
(at) and titanium compound is treated any of halogen, a halogen compound and an aromatic hydrocarbon. 
In this process, there may be involved a step of pulverizing only the magnesium compound, a complex com- 
pound consisting of magnesium compound and electron donor, or the magnesium compound and the 

20 titanium compound. After pulverization, the solid product obtained may be treated with a reaction assistant, 

followed by treatment with halogen or the like. The reaction assistant used herein may include an 
organoaluminum compound or a halogen containing silicon compound. 

(6) A process wherein the reaction product obtained in any of the processes of (1) to (4) is treated with 
halogen, a halogen compound or an aromatic hydrocarbon. 

25 (7) A process wherein a catalytic reaction product of a metallic oxide, an organomagnesium and a halogen 

containing compound is brought into contact with the electron donor fa) and titanium compound. 
(8) A process wherein a magnesium compound such as magnesium salt of an organic acid, alkoxymag- 
nesium or aryloxymagnesium is allowed to react with the electron donor (a^ and at least one compound 
sellected from among titanium compound and/or a halogen containing hydrocarbon. 

30 (9) A process wherein a hydrocarbon solution containing at least the magnesium compound and alkoxyti- 

tanium, the titanium compound, the electron donor (a,) and, if necessary, a halogen containing compound 
such as a halogen containing silicon compound are allowed to undergo reaction. 
(10) A process wherein a magnesium compound in the liquid state having no reducing ability is allowed to 
react with an organoaluminum compound to deposit a solid magnesium aluminum composite, followed by 

35 reaction with the electron donor fa) and titanium compound. 

In preparing the solid titanium catalyst component [lb] by the above-mentioned processes, the amounts of 
the magnesium compound, the titanium compound in the liquid state and the electron donor fa) used vary 
depending on the kind of the compound used, contacting conditions and contacting order. Generally, however, 
there may be used, based on 1 mole of magnesium, the electron donor fa) in an amount of 0.01-5 moles, pref- 

40 erably 0.1-1 mole, and the titanium compound in the liquid state in an amount of 0.1-1000 moles, preferably 

1- 200 moles. 

The temperature at which these compounds are brought into contact with one another is usually from -70 
to 200°C, preferably 1 0-1 50°C. 

The solid titanium catalyst component pb] contains titanium, magnesium, halogen and the electron donor 

45 fa). 

In this solid titanium catalyst component [lb], halogen/titanjum (atomic ratio) is 1-100, preferably 4-90, elec- 
tron donor (a^/titanium (molar ratio) is 0.01-100, preferably 0.2-10, and magnesium/titanium (atomic ratio) is 

2- 100, preferably 4-50. 

The first prepolymerized polyolefin-containing catalyst of the present invention is prepared by using an ole- 
50 fin polymerization catalyst containing a solid titanium catalyst component [la] containing titanium, magnesium, 
halogen and a compound having at least two ether linkages with a plurality of intermediately existing bonding 
atoms. 

The second prepolymerized polyolefin-containing catalyst of the invention in prepared by using a solid 
titanium catalyst component [lb] containing titanium, magnesium, halogen and an electron donor (a^. 
55 The solid titanium catalyst component [la] or pb] mentioned above may be prepared by the same process 

for the preparation of the solid titanium catalyst component as employed in the case of the second and third 
olefin polymerization catalyst of the invention, and the composition ratio thereof is the same as in the solid 
titanium catalyst component used in the second or third olefin polymerization catalyst of the invention. 
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In the present invention, the first to third olefin polymerization catalysts and the first and second prep- 
olymerized polyolefin-containing catalysts are formed by using the above-illustrated solid titanium catalyst com- 
ponents p], [la] and [lb], the organometallic compound catalyst components [Ha] and [lib], and the electron 
donor components [III] and [Ilia] in specific combination. 

In the first to seventh olefin polymerization methods, there are used for polymerization of olefin catalysts 
or prepolymerized olefin cantaining catalysts formed by using the above-illustrated solid titanium catalyst com- 
ponents [I], [la] and [lb), the organometallic compound catalyst components [Ha] and [lib], and the electron 
donor components [III] and [IHa] in specific combination. 

For example, the first olefin polymerization catalyst of the invention may be formed from the solid titanium 
catalyst component [I], the organometallic compound catalyst component [lla] containing a metal selected from 
those belonging to Groups I to III of the periodic table and, if necessary, the electron donor (c) [III] including 
the above-mentioned compound having at least two ether linkages. 

Fig. 1 is given to illustrate the concrete example of the step for preparing the olefin polymerization catalyst 
of the invention. 

The organometallic compound catalyst component [Ha] as used herein includes, for example, an 
organoaluminum compound, a complex alkylation product of a metal of Group I with aluminum, and an 
organometallic compound of a metal of Group II. 

The organoaluminum compound mentioned above includes those represented by the formula R a „AIXj-n 
wherein R a is a hydrocarbon radical of 1-12 carbon atoms, X is halogen or hydrogen, and n is 1-3. 

In the above formula, R a is a hydrocarbon radical of 1-12 carbon atoms, for example, alkyl, cycloalkyl or 
aryl, and concretely includes methyl, ethyl, n-propyl, isopropyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyc- 
lohexyl, phenyl or tolyt. 

The organoaluminum compound illustrated above includes concretely such compounds as exemplified be- 
low. 

trialkyt alminiums such as trimethylal minium, tri-iso-butylai minium, trioctylalminium, tri-ethylalminium, 
tri-iso-propylalminium, tri-2-ethyihexylalminium; 

alkenylalminium such as iso-prenylalminium; 

diaikytal minium halides such as dimethyialminium chloride, diethylalminium chloride, di-iso-propylal- 
minium chloride, di-iso-butylalminium chloride, dimethyialminium bromide; 

alkylalminium sesquihalide such as methyla (minium sesquichloride, ethyialminiumsesquichloride, iso- 
propylalminium sesquichloride, butylalminium sesquichloride, ethyialminium sesquibromide; 

alkylalminium dihalides such as methylalminium dichloride, ethyialminium dichloride, iso-propylalminium 
dichloride, ethyialminium dibromide; 

alkylalminium hydrides such as diethylalminium hydride, di-iso-butylalminium hydride: 
As the organoaluminum compound, there may also be used such compounds as may be represented by 
the formula R^nAlY^ wherein R a is as defined above, Y is -OR b , -OSiR c 3t -0AIR d 2 , -NR« 2 , SiR f 3 or 

-NAlR h 2 , 
I 

n is 1-2, R b , R c , R d and R h are each methyl, ethyl, isopropyl, isobutyl, cyclohexyl, or phenyl, R» is hydrogen, 
methyl, etjjyl, isopropyl, phenyl or trimethylsilyl, and R f and Rfl are each methyl or ethyl. 

Concretely, such organoaluminum compounds as illustrated above include those having the following for- 
mulas. 

(i) Compounds of the formula R'nAKOR*)^ such as dimethylaluminum methoxide, diethylaluminum 
ethoxide and diisobutylaluminum methoxide, 

(ii) compounds of the formula R a nAl(OSiR c 3 )3-n such as Et 2 AI(OSiMe 3 ), (iso-BuJaAKOSiMej) and (iso- 
Bu)2AI(OSiEt 3 ), 

(iii) compounds of the formula R a n AI(OAR d 2 ) 3 . n such as Et^OAIEta. and (iso-Bu)2AIOAI(iso-Bu) 2f 

(iv) compounds of the formula R a t> AI(NR e 2 ) 3 . n such as Me 2 AINEt 2 , EtjAlNHMe, MejAINHEt, Et2AIN(Me 3 Si)2 
and (iso-Bu)2AIN(Me 3 Si) 2 , 

(v) compounds of formula R^KSiRy^ such as (iso-Bu>2AISiMe 3 , and 
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I 

(vi) Coir.pour.ds cf rlie fcrauia R a s Al (NAIR- r - 2 ) 3-n such as 
Et?AlNAI£t2 and ( iso-3u) 2A1NA1 ( isc-3u) 2 • ' . 

Mo 

fo Preferred examples of the above-exemplified organoaluminium compounds are those represented by the 

formula R a aAI, R a n AI(OR*) >n and R« n AI(OAIR d 2 ) >n . 

The complex alkylation product of a metal of Group I with aluminum is exemplified by a compound rep- 
resented by the general formula 

M 1 Al RJ 4 

15 wherein M 1 is Li t Na or K, and Ri is a hydrocarbon radical of 1-15 carbon atoms, and includes concretely 
LiAI(C2H 5 ) d and LiAI(C 7 H 15 )4. 

The organometallic compound containing a metal of Group II is exemplified by a compound represented 
by the general formula R 1 R k M 2 wherein R k and R 1 are each a hydrocarbon radical of 1-15 atoms or halogen, 
provided that both R* and R 1 do not represent halogen, though may be the same or different, M 2 is Mg, Zn or 
20 Cd, and includes concretely diethylzinc, diethylmagnesium, butylethylmagnesium, ethylmagnesium chloride 
and butylmagnesium chloride. These compounds may be used in admixture of two or more. 

In preparing the first olefin polymerization catalyst of the invention, if necessary, there may be used the 
electron donor (c) [III] including a compound having at least two ether linkages with a plurality of intermediately 
existing bonding atoms. In this case, however, besides the compound having at least two ether linkages, there 
25 may also be used, for example, the electron donors (a^ and (b,) used in the preparation of the solid titanium 
catalyst component [I] of the invention. 

The second olefin polymerization catalyst of the invention, which is used in the second polymerization 
method, contains the above-mentioned solid titanium catalyst component [la] along with as the organometallic 
compound catalyst component the organoaluminum compound catalyst component [lib] comprising a halogen 
30 containing organoaluminum compound and an organoaluminum compound containing no halogen. 

Fig. 2 is given to illustrate a concrete example of a step for preparing the second olefin polymerization catal- 
yst of the invention. 

As the organoaluminum compound containing no halogen, there may be mentioned the organoaluminum 
compound represented by the aforementioned formula R^AIX^ in which n=3, for example, trialkylaluminum 
35 and alkenyialuminum. 

Further, the organoaluminum compound containing no halogen may be exemplified by the compound rep- 
resented by the aforementioned formula R a „AIY3„ n . 

As the halogen containing organoaluminum compound, there may be mentioned the organoaluminum com- 
pound represented by the aforementioned formula R a n AIXj Tn in which 1^n<3, for example, dialkylaluminum 
40 halide, alkylaluminum sesquihalide and alkylaluminum dihalide. 

The organoaluminum compound catalyst component [lib] used in the invention may be prepared by using 
the organoaluminum compound containing no halogen in an amount, based on 1 mole of the halogen containing 
organoaluminum compound, of usually 0.01-19 moles, preferably 0.1-5 moles. 

In the oleftn polymerization catalyst of the invention, there may be used, if necessary, the electron donor 
45 (c), that is, any one of the above-mentioned compound having at least two ether linkages, the electron donor 
(a^ and electron donor (b,) in addition to the above-mentioned organometallic compound catalyst compornent 

nib]. 

Of the compounds used in the above case, preferred are the compound having at least two ether linkages 
and the organosilicon compound (RnSi(ORVn) exemplified as the electon donor (bi). 
so The third olefin polymerization catalyst of the invention, which is used in the third olefin polymerizaiton 

method, contains the above-mentioned solid titanium catalyst component [lb], organoaluminum compound 
catalyst component [lib] and compound [Ilia] having at least two ether linkages with a plurality of intermediately 
existing bonding atoms. 

Fig. 3 is given to illustrate a concrete examlpe of a step for preparing the third olefin polymerization catalyst 
55 of the invention. 

As the organoaluminum compound catalyst component [lib], there may be used, for example, the same 
catalyst component comprising the halogen containing organoaluminum compound and the organoaluminum 
compound containing no halogen as used in the preparation of the second olefin polymerization catalyst of the 
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invention. 

The above-mentioned compound [Ilia) having at least two ether linkages used in the third olefin polymeri- 
zation catalyst of the invention includes the same compound having at least two ether linkages as used in the 
preparation of the solid titanium catalyst component of the first olefin polymerization catalyst of the invention. 
5 The third olefin polymerization catalyst of the invention may contain an electron donor in addition to the 

above-mentioned compound having at least two ether linkages, and such electron donor as used herein 
includes, for example, the electron donors (a^ and (b,) used in the preparation of the first olefin polymerization 
catalyst of the invention. Of the compounds used in the above case, prefferred are and the organo silicon com- 
pound (R n Si (OR')4-n) examplified as the electron doner (b,). 
w The first prepolymerized polyolefin-containing catalyst of the present invention, which is used in the fourth 

olefin polymerization method, is prepared by polymerizing olefin by using an olefin polymerization catalyst con- 
taining the solid titanium catalyst component [la] and the organometallic compound catalyst component [fla] 
containing a metal selected from among those belonging to Groups I to III of the periodic table. 

The solid titanium catalyst component [laj mentioned above is the same component [la] as used in the sec- 
ts ond olefin polymerization catalyst of the invention. 

The organometallic compound catalyst component [lla] mentioned above is the same component [Ha] as 
used in the first olefin polymerization catalyst of the invention. 

In the first prepolymerized polyolefin-containing catalyst of the invention, there may be used, if necessary, 
the electron donor (c), that is, the compound having at least two ether linkages, the electron donor (a,) and the 
20 electron donor (b^ together with the above-mentioned organometallic compound catalyst component [lla]. 

Of the compounds used herein, particularly preferred are the compound having at least two ether linkages 
and an organosilicon component exemplified as the electron donor (b,). 

The second prepolymerized polyolefin-containing catalyst of the invention, which is used in the fifth olefin 
polymerization method, contains an olefin polymerization catalyst containing the above-mentioned solid 
25 titanium catalyst component [lb], the organometallic compound catalyst component [lla] and the compound [Ilia] 
having at least two ether linkages with a plurality of intermediately existing bonding atoms. 

As the organometallic compound catalyst component [lla] as used in the above-mentioned olefin polym- 
erization catalyst, there may be mentioned, for example, the same catalyst component containing the 
organometallic compound as used in the preparation of the first olefin polymerization catalyst of the invention. 
30 As the compound [Ilia] as used in the above-mentioned olefin polymerization catalyst, there may be men- 

tioned the same compound having at least two ether linkages as used in the preparation of the first olefin polym- 
erization catalyst of the invention. 

The second prepolymerized polyolefin-containing catalyst of the invention may contain an electron donor 
in addition to the above-mentioned compound having at least two ether linkages, for example, the electron 
35 donors (a^ and (b t ) used in the preparation of the first olefin polymerization catalyst of the invention. 

The first prepolymerized polyolefin-containing catalyst [la-lla-lila] of the invention may be formed by 
polymerizing a-olefin on an olefin polymerization catalyst containing the above-mentioned solid titanium catal- 
yst component [la] and organometallic compound catalyst component [lla]. 

The second prepolymerized polyolefin-containing catalyst [Ib-lla-llla] of the invention may be formed by 
40 polymerizing a-olefin on an olefin polymerization catalyst containing the above-mentioned solid titanium catal- 
yst component [lb], organometallic compound catalyst component [lla] and the compound [Ilia] having at least 
two ether linkages. 

The first to third olefin polymerization catalysts of the invention may be prepolymerized when used in olefin 
polymerization. 

45 The prepolymerization of the olefin polymerization catalyst may be carried out by prepolymerizing a-olefin 

in an amount, based on 1 g of the catalyst, of 0.1-1000 g, preferably 0.3-500 g and especially 1-200 g on said 
catalyst. 

In carrying out this prepolymerization, the catalyst may be used in a concentration higher than that of the 
catalyst used in the system of the main polymerization. 
so The solid titanium catalyst component [I], [la] or [lb] is used in the prepolymerization in an amount per liter 

of a liquid medium, of usually 0.001-100 mmoles, preferably 0.01-50 mmoles, and especially 0.1-20 mmoles 
in terms of titanium atom. 

The organometallic compound catalyst component [lla] or p lb] may be used in the prepolymerization in such 
an amount that the prepolymer is formed in an amount, based on 1 g of the solid titanium catalyst component 
55 [I], [la] or [lb], of 0.1-1000 g, preferably 0.3-500 g, said amount being usually about 0.1-300 moles, preferably 
about 0.5-100 moles and especially 1-50 moles based on 1 mole of titanium atom in the solid titanium catalyst 
component [I], [la] or [lb]. 

The electron donor [III] or [Ilia] may be used in the polymerization in an amount, based on 1 mole of titanium 
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atom in the solid titanium catalyst component [I], [la] or [lb], of 0.1-50 moles, preferably 0.5-30 moles and espe- 
cially 1-10 moles. ■ 

The prepolymerization may be carried out using a mixture of an inert hydrocarbon solvent, a-olefin and 
the above-mentioned catalyst components under mild conditions. 

5 The inert hydrocarbon solvent used herein includes concretely aliphatic hydrocarbons such as propane, 

butane, pentane, hexane, heptane, octane, decane, dodecane and kerosine; alicyclic hydrocarbons such as 
cyclopentane, cyclohexane and methyicyclopentane; aromatic hydrocarbons such as benzene, toluene and 
xylene; and halogenated hydrocarbons such as ethylene chloride and chlorobenzene. or mixtures thereof. Of 
these inert hydrocarbon solvents exemplified above, particularly preferred are aliphatic hydrocarbons. When 

10 the prepolymerization is carried out using the inert hydrocarbon media as aforesaid, it is preferably carried out 
batchwise. On the one hand, the prepolymerization may also be carried out using a-olefin itself as a solvent 
or in a state where substantially no solvent is present In that case, the prepolymerization is preferably carried 
out continuously. 

The a-olefin used in the prepolymerization may be the same as or differentfrom that used in the mam polym- 
15 erization as will be mentioned later, but in practice propylene is preferred. 

The reaction temperature at which the prepolymerization is carried out is usually from about -20 to +1 00°C, 
preferably from about -20 to +80°C and especially from 0 to +40°C. 

In carrying out the prepolymerization, a molecular weight modifier such as hydrogen may be used. It is desi- 
rable to use in this case the molecular weight modifier in such an amount that an intrinsic viscosity [r\] t as 
20 measured in decalin at 135°C, of the polymer resulting from the prepolymerization is more than about 0.2 dl/g, 
preferably about 0.5-1 0 dl/g. 

The prepolymerization as illustrated above is desirably carried out in such a manner that the polymer result- 
ing therefrom amounts to about 0.1-1000 g, preferably about 0.3-500 g and especially 1-200 g based on 1 g 
of the solid titanium catalyst component [I], [la] or [lb]. 
25 The first to third methods of olefin polymerization of the present invention comprise polymerizing olefin 

using the first to third olefin polymerization catalysts of the invention. As stated above, the olefin polymerization 
catalysts used herein may be prepolymerized. 

The fourth or fifth method of olefin polymerization of the invention comprises polymerizing olefin using a 
catalyst containing the first or second prepolymerized polyolefin-containing catalyst, that is, the fourth or fifth 
30 olefin polymerization catalyst of the invention as will be mentioned later. 

The fourth olefin polymerization catalyst of the invention contains the above-mentioned prepolymerized po- 
lyolefin-containing catalyst [la-lla], the organometallic compound [Ila] containing a metal selected from among 
those belonging to Groups I to III and, if necessary, the electron donor [lllb], that is, at least one compound 
selected from among the compound having at least two ether linkages with a plurality of intermediately existing 
35 bonding atoms, the electron donors fa) and (b^. 

The fifth olefin polymerization catalyst of the invention contains the above-mentioned prepolymerized po- 
lyolefin-containing catalyst [Ib-lla-lllb], the organometallic compound [Ila] containing a metal selected from 
among those belonging to Groups I to III of the periodic table and, if necessary, the electron donor [lllb], that 
is, at least one compound selected from among the compound having at least two ether linkages with a plurality 
40 of intermediately existing bonding atoms, the electron donors fa) and fa) . 

The organometallic compound catalyst component [Ila] used in the above-mentioned olefin polymerization 
catalysts is the same as that used in the preparation of the above-mentioned prepolymerized polyolefin-con- 
taining catalyst 

The compound having at least two ether linkages mentioned above, and the electron donors fa) and (b^ 
45 used therein are also the same as those used in the preparation of the above-mentioned prepolymerized po- 
lyolefin-containing catalyst 

Figs. 4 and 5 are given to illustrate concrete examples of the steps for preparing the fourth and fifth olefin 
polymerization catalysts of the invention. 

In the sixth method for olefin polymerization of the present invention, at least one a-olefin is polymerized 
so by using a catalyst containing the solid titanium catalyst component [la] and the organometallic compound [Ila] 
to obtain a specific polymer or copolymer. 

In the seventh method for olefin polymerization of the present invention, at least one a-olefin is polymerized 
by using a catalyst containing the solid titanium catalyst component [lb], the organometallic compound [Ila] and 
the compound having at least two ether linkages [Ilia] to obtain a specific polymer or copolymer. 
55 Figs. 6 and 7 are given to illastrate concrete examples of the steps for preparing the catalysts used in the 

sixth and seventh method for polymerization of a-olefin. 

In the sixth and seventh olefin polymerization methods, at least one a-olefin sellected from among a-olefins 
having at least 2 carbon atoms is polymerized to obtain a polymer or copolymer containing at least 70 % of 
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a-olefin having at least 4 carbon atoms by using the polymerization catalyst containing the solid titan ium catalyst 
component [la] and the organometallic compound [Ha], the polymerization catalyst containing the solid titanium 
catalyst component [lb], the organometallic compound [Ha] and the compound having at least two ether linkages 
[Ilia], or the first or second prepolymerized polyolefin-containing catalyst The above polymerization catalysts 
5 are the catalysts used for preparing the first or second prepolymerized polyolefin-containing catalyst 
The first to seventh methods of olefin polymerization of the invention are illustrated below in detail. 
Useful olefins in the first to fifth methods of olefin polymerization include ethylene and a-olefins of 3-20 
carbon atoms, for example, propylene, 1-butene, 1-pentene, 1-hexene, 4-methyM-pentene, 1-octene, 1-de- 
cene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 1-eicosane. In the sixth and seventh olefin 

10 polymerization methods of the present invention, of these alpha-olefins are sellected the a-olefin having at least 
2 carbon atoms so as to make the a-olefin having at least 4 carbon atoms be the main compornent In the sixth 
and seventh method of the present invention, at least one a-olefin having at least 4 carbon atoms sellected 
from the a-olefin having at least 2 carbon atoms are used in such an amount that the polymer or copolymer 
obtained are containing at least 70 mol% of the a-olefin having at least 4 carbon atoms. Further, in the present 

15 methods, as the starting materials for polymerization, there may also be used aromatic vinyl compounds such 
as styrene and allyl benzene; alicyclic vinyl compounds such as vinyl cyclohexane; cyclooleflns such as cyc- 
lopentene, cyclbheptene, norbomene, 5-methyl-2-norbornene, tetracyclodecene and 2-methyl-1,4,5,8-dime- 
thano-1,2,3,4,4a,5,8,8a-octahydronaphthalene; and compounds having poly-unsaturation bonds such as 
conjugated diene or non-conjugated diene, for example, 6-methyM ,6-octadiene, 7-methyl-1 f 6-octadiene, 6- 

20 ethyl-1 ,6-octadiene, 6-propyl-1 ,6-octadiene, 6-butyl-1 ,6-octadiene, 6-methyl-1 ,6-nonadiene, 7-methyl-1 ,6-no- 
nadiene, 6-ethyl-1 ,6-nonadiene, 7-ethyl-1 ,6-nonadiene, 6-methyl-1,6-decadiene, 7-methyl-1,6-decadiene, 
6-methyl-1,6-undecadiene, isoprene and butadiene. 

In the present invention, the polymerization may be carried out by liquid phase polymerization technique 
such as solution polymerization or suspension polymerization, or by vapor phase polymerization technique. 

25 When the polymerization is carried out by reaction of the slurry polymerization, the reaction solvent used 
may be either the above-mentioned inert hydrocarbon or an olefin which is liquid at the reaction temperature. 

In the methods of olefin polymerization of the invention, the solid titanium catalyst component [I], Pa] or 
[lb] is used in an amount, based on 1 liter of the polymerization volume, of usually about 0.001-0.5 mrnole, pref- 
erably about 0.005-0.1 mrnole in terms of titanium atom. The organometallic compound catalyst component 

30 [Ha] or [lib] is used in such an amount that the metallic atom thereof amounts usually to about 1-2000 moles, 
preferably about 5-500 moles per 1 mole of titanium atom of the prepolymerized polyolefin-containing catalyst 
present in the polymerization system. 

In the third method of olefin polymerization of the invention, the above-mentioned compound having at least 
two ether linkages is used in such an amount that said compound amounts usually to about 0.001-10 moles, 

35 preferably 0.01-2 moles based on 1 mole of the metallic atom of the compound [Ha] or [lib]. 

In the first, second and fourth to seventh methods, an electron donor, namely, the compound having at 
least two ether linkages and/or electron donoer (a^, (b t ) may be used in the above-mentioned amount 

When hydrogen is used at the time of the main polymerization, the molecular weight of the polymer resulting 
therefrom can be modified, and polymers high in melt flow rate can be obtained. 

40 In the present invention, the polymerization temperature of olefin is usually about 20-200°C, preferably 

about 50-1 50°C, and the polymerization pressure is usually from ordinary pressure to 100 kg/cm 2 , preferably 
about 2-50 kg/cm 2 . The polymerization may also be carried out batchwise, semi-continuously or continuously, 
or may be carried out in two or more stages under varied reaction conditions. 

The olefin polymer thus obtained may be a homopolymer, random copolymer or block copolymer. 

45 When the polymerization of olefin particularly propylene is carried out using such olefin polymerization 
catalysts as mentioned above, the resulting propylene polymer will come to have an isotactic index (I I) shown 
by a boiling heptane extraction residue of more than 70%, preferably more than 85% and especially more than 
95%. In this case, steric regularity of the resulting polymer can be easily controlled by adjusting the amount of 
the above-mentioned compound having at least two ether linkages or electron donor to a desired level. 

so The polymer obtained in the first to fifth olefin polymerization methods has an indication Mw/Mn of molecular 
weight distribution as measured by GPC (gel permeation chromatography) of usually not more than 5, said 
value being smaller than that of the polymer obtained by the prior art method. 

The olefin polymerization catalyst of the invention may contain other useful components for olefin polym- 
erization in addition to the components as mentioned above. 

55 In the sixth or seventh olefin polymerization method, since a-olefin having at least 2 carbon atoms is 

polymerized in the presence of the specific catalyst so as to obtain a poymer or copolymer containing at least 
70 mol% of a-olefin having at least 4 carbon atom, there can be obtain a polymer or copolymer has an intrinsic 
viscosity fo] of 0.01-100 dl/g, prefferably 0.1-50 dl/g. 
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The alpha-olefin type polymer thus obtained may be blended, if neccesary, with a heat stabilizer, a weath- 
ering stabilizer, a chemical destaticzer.an anti-blocking agent, a lubricant, a nucleating agent, a pigment, a dye 
and an organic or inorganic filler. 



5 EFFECT OF THE INVENTION 



According to the solid titanium catalyst components for olefin polymerization of the invention, it is possible, 
when used along with the above-mentioned compound having at least two ether linkages as an electron donor, 
to obtain olefin polymerization catalyst having high activities and capable of giving polymers high in stereos- 
10 pecificity, even when an electron donor is not used further at the time of polymerization of olefin. 

According to the solid titanium catalyst components for , olefin polymerization of the invention, moreover, 
it is possible to obtain olefin polymerization catalysts capable of giving polymers higher in steric regularity by 
using further the above-mentioned compound having at least two ether linkages or a specific electron donor 
at the time of polymerization of olefin. 
is According to the first method of olefin polymerization using the first olefin polymerization catalyst of the 

invention containing the solid titanium catalyst component [I] and organometallic compound catalyst component 
[lla], it is possible to carry out the polymerization reaction with high catalytic activities, and obtain polymers high 
in stereospecificity. 

By the first method of olefin polymerization using the first olefin polymerization catalyst of the invention con- 
20 taining the organometallic compound catalyst component [lla] and the above-mentioned compound having at 
least two ether linkages or a specific electron donor in addition to the above-mentioned two components, it is 
possible to obtain polymers higher in steric regularity. 

According to the second method of olefin polymerization using the second olefin polymerization catalyst 
the solid titanium catalyst component containing the above-mentioned compound having at least two ether iin- 
25 kages as an electron donor and the organoaluminum compound catalyst component [lib], it is possible to carry 
out the polymerization reaction efficiently with high catalytic activities, and obtain polymers high in stereospeci- 
ficity. 

By the second method of olefin polymerization using the second olefin polymerization catalyst of the inven- 
tion containing the above-mentioned compound having at least two ether linkages or a specific electron donor 
30 in addition to the above-mentioned two components, it is possible to obtain polymers higher in steric regularity. 
According to the third method of olefin polymerization using the third olefin polymerization catalyst of the 
invention containing the solid titanium catalyst component [lb], the organometallic compound catalyst compo- 
nent [lib] and the above-mentioned compound [Ilia] having at least two ether linkages, it is possible to carry 
out the polymerization reaction efficiently with high catalytic activities, and obtain polymers high in stereospeci- 
35 ficity. 

According to the first pre polymerized polyolefin- containing catalyst ofthe invention, it is possible, when 
used the solid titanium catalyst component [lb] containing the compound having at least two ether linkages [lib] 
as an electron donor, to obtain olefin polymerization catalysts high in activities and capable of giving polymers 
high in stereospecificity, even when an electron donor is not used further at the time of olefin polymerization. 
40 According to the fourth method of olefin polymerization using the fourth olefin polymerization catalyst of 

the invention containing the prepolymerized polyolefin catalyst [la-lla] containing the compound having at least 
two ether linkages as an electron donor and the organoaluminum compound catalyst component [lla], it is poss- 
ible to carry out the polymerization reaction efficiently with high catalytic activities, and obtain polymers high 
in stereospecificity. 

45 By the fourth method of olefin polymerization using the fourth olefin polymerization catalyst of the invention 

containing the above-mentioned compound having at least two ether linkages and/or specific electron donors 
(ai),(b t ) in addition to the above-mentioned two components, it is possible to obtain polymer higher in steric 
regularity. 

According to the second prepolymerized polyolefin-containing catalyst of the invention containing the 
so above-mentioned compound having at least two ether linkages as an electron donor, it is possible to obtain 
olefin polymerization catalyst high in activities and capable of giving polymers high in stereospecificity even 
when an electron donor is further used at the time of olefin polymerization. 

According to the fifth method of olefin polymerization using the fifth olefin polymerization catalyst of the 
invention containing, in addition to two components, that is, the above-mentioned prepolymerized polyolefin- 
55 containing catalyst [Ib-lla-llla] and the organometallic compound catalyst component [lla], the above-men- 
tioned compound having at least two ether linkage and/or electron donors (a,),^) [III], it is possible to carry 
out the polymerization reaction efficiently with high catalytic activities, and obtain polymers high in stereospeci- 
ficity. 
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According to the sixth method of olefin polymerization, by virtue of the use of the olefin polymerization catal- 
yst containing the above solid titanium catalyst component [la] and the above organometallic compound catal- 
yst component [lla], the polymerization reaction efficiently proceeds with high catalytic activity, giving polymers 
containing at least 70 mol% of a-olefin having at least 4 carbon atoms high in stereospecificity and crystallinity. 

5 According to the seventh method of olefin polymerization, by virtue of the use of the olefin polymerization 

catalyst containing the above solid titanium catalyst component [lb] and the above organometallic compound 
catalyst component [lla] and the above compound having at least two ether linkages [Ma], the polymerization 
reaction efficiently proceeds with high catalytic activity, giving polymers containing at least 70 mol% of a-olefin 
having at least 4 carbon atoms high in stereospecificity and crystallinity. 

w The present invention is illustrated below with reference to examples, but it should be construed that the 

invention is in no way limited to these examples. 

Example 1 

15 (Preparation of solid titanium catalyst component [A]) 

A mixture of 95.2 g of anhydrous magnesium chloride, 442 ml of decane and 390.6 g of 2-ethylhexyl alcohol 
was reacted with heating at 130 C C for 2 hours to prepare a homogeneous solution. To this solution was added 
21.3 g of phthalic anhydride, and the mixture was stirred at 130°C for one hour to thereby dissolve phthaJic 

20 anhydride in the homogeneous solution. The homogeneous solution thus obtained was cooled to room tem- 
perature, and 75 ml of the homogeneous solution was added dropwise to 200 ml of titanium tetrachloride kept 
at -20°C over a period of one hour. After completion of the addition, the temperature of the mixed solution was 
elevated to 110°C and over a period of 4 hours. When the temperature of the mixture reached 110°C, 5.22 g 
of di-iso-butyl phthalate was added thiereto, and the mixture was held with stirring at that temperature for 2 

25 hours. After completion of the 2-hour reaction, the resulting solid was collected by hot filtration and re-suspen- 
ded in 275 ml of titanium tetrachloride, followed by reaction with heating at 1 10°C for 2 hours. After completion 
of the reaction, the solid was collected by hot filtration and thoroughly washed with decane and hexane kept 
at 110°C until no free titanium compound was detected in the washing liquid. The solid titanium catalyst com- 
ponent [A] prepared in the manner mentioned above was stored as a decane slurry. A part thereof was dried 

30 to examine the catalyst composition. It was found that the thus-obtained solid titanium catalyst component [A] 
contained 2.4% by weight of titanium, 60% by weight of chlorine, 20% by weight of magnesium and 13.0% by 
weight of di-iso-butyl phthalate. 

(Pretreatment of solid titanium catalyst component [A]) 

35 

Into a 400 ml four-necked glass reactor equipped with a stirrer, were introduced 100 ml of purified hexane, 
10 mmol of triethylaluminum, 2 mmol of 2-isopropyl-2-isopentyl-1,3-dimethoxypropane (IPAMP) and onemmol, 
in terms of titanium atom, of the solid titanium catalyst component [A] obtained above in a nitrogen atmosphere, 
and the mixture was mixed with stirring at 20°C for one hour and then left to stand, followed by the removal of 
40 the supernatant The solid was washed two times by a washing treatment consisting of adding purified hexane 
to re-suspend the solid and leaving to stand followed by removal of the supernatant The solid obtained was 
re-suspended in purified hexane and the whole amount of the resulting slurry was transferred to a catalyst bottle. 
In this transfer operation, the whole volume of the slurry was measured and at the same time, the concentration 
of the catalyst in the slurry was measured! 

45 

(Polymerization) 

Into an autoclave having an internal volume of 2 litter was charged 750 ml of purified hexane. Into the auto- 
clave were then introduced 0.75 mmol of triisobutylaluminum and 0.01 5 mmol, in terms of titanium atom, of the 

so pretreated solid titanium catalyst component [A] in a propylene atmosphere at 40°C, 

After the mixture was heated to 60°C, 200 ml of hydrogen was introduced, the temperature of the mixture 
was elevated to 70°C and the polymerization of propylene was then carried out for 2 hours. The pressure was 
kept at 7 kqfcn^G during the polymerization. After completion of the polymerization, a slurry containing the 
resulting solid was filtered to separate white powder and a liquid phase from each other. In reference to the 

55 white polymer powder dryed, it was found that the yield was 328.2 g, boiling heptane extraction residue was 
98.66%, MFR was 6.9 dg/min and the apparent bulk density was 0.43 g/ml. The liquid phase was concentrated 
to obtain 1 .1 g of a solvent-soluble polymer. Accordingly, the activity was 22,000 g-pp/mmol-Ti and the toal II 
(U.I.) was 98.4%. 
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Mw/Mn measured by GPC (gel permeation chromatography) was 4.44. 
Example 2 

5 The pretreatment of the catalyst component [A] was repeated in the same manner ,as in Example 1 except 

that 10 rnrnol of IPAMP was used in the pretreatment of the solid titanium catalyst component [A], and thus 
obtained a pretreated catalyst component [A 2 ]. Subsequently, the polymerization of propylene was repeated 
in the same manner as in Example 1 except that the catalyst component [A 2 ] obtained by the above-described 
pretreatment of was used. There were obtained such results that the activity was 21 ,700 g-pp/mmol-Ti, t— II was 

10 98.3%, MFR of white powder was 4.9 and the apparent bulk density was 0.46 g/ml. 

Example 3 

(Preparation of solid titanium catalyst component [B 1 ]) 

15 

A mixture of 95.2 g of anhydrous magnesium chloride, 442 ml of decane and 390.6 g of 2-ethylhexyl alcohol 
were reacted with heating at 130°C for 2 hours to prepare a homogeneous solution. To the homogeneous sol- 
ution was added 21.3 g of phthalic anhydride, and the mixture was stirred at 130°C for one hour to dissolve 
phthalic anhydride in the homogeneous solution. The thus-obtained homogeneous solution was cooled to room 

20 temperature, and 75 ml of the homogeneous solution was added dropwise to 200 ml of titanium tetrachloride 
kept at -20°C over a period of one hour. After completion of the addition, the temperature of the mixed solution 
was elevated to 1 1 0°C over a period of 4 hours. When the temperature reached 1 1 0°C, 4.79 ml of 2-isopropyl- 
2-isopentyt-1,3-dimethoxypropane (IPAMP) was added thereto, and the mixture was held with stirring at that 
temperature for 2 hours. After completion of the 2-hour reaction, the resulting solid was collected by hot filtration 

25 and re-suspended in 275 ml of titanium tetrachloride. The mixture was again reacted with heating at 1 10°C for 
2 hours. After completion of the reaction, the solid was collected by hot filtration and thoroughly washed with 
decane and hexane kept at 110°C until no free titanium compound was detected in the washing liquid. The 
solid titanium catalyst component [B 1 ] prepared above was stored as a decane slurry. A part thereof was dried 
to examine the catalyst composition. It was, found that the thus-obtained solid titanium catalyst component [B 1 ] 

30 contained 2.3% by weight of titanium, 63% by weight of chlorine, 22% by weight of magnesium and 9.8% by 
. weight of IPAMP. 

(Polymerization) 

35 Into an autoclave was introduced 750 ml of purified hexane. Into the autoclave were then introduced 0.75 
rnrnol, in terms of aluminum atom, of a compound (hereinafter abbreviated to mixed Al) composed of a mixture 
of triisobutyl-aluminum and ethylaluminum sesquichloride (2:1 by mol in terms of aluminum atom) and 0.0075 
rnrnol, in terms of titanium atom, of the above-described titanium catalyst component in a propylene atmosphere 
at40°C. 

40 After the mixture was heated to 60°C, 1 50 ml of hydrogen was introduced, the temperature of the mixture 
was elevated to 70°C and the polymerization of propylene was then carried out for 2 hours. The pressure was 
kept at 7 kg/cm^ during the polymerization. After completion of the polymerization, a slurry containing the 
resulting solid was filtered to separate white powder and a liquid phase from each other. The white polymer 
powder was dryed and by using the dried powder, it was found that the yield was 398.2 g, boiling heptane ext- 

45 taction residue was 97.47%, MFR was 1 .2 dg/min and the apparent bulk density was 0.45 g/ml. The liquid phase 
was concentrated to obtain 2.9 g of a solvent-soluble polymer. Accordingly, the activity was 53,500 g-pp/mmol- 
Ti, and the overall II (tl.l.) was 96.8%. 

Comparative Example 1 

50 

The polymerization of propylene was repeated in the same manner as in Example 3 except that 
triethylaluminum was used in place of the mixed AI used in the polymerization of Example 3. 
The results are shown in Table 1. 

55 
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Example 4 

(Preparation of solid titanium catalyst component [B 2 ]) 

5 A high-speed mixer having an internal volume of 2 liter (manufactured by Tokushu Kika Kogyo KK) was 

thoroughly purged with N 2 , and 700 ml of refined kerosine, 10 g of commercial available Mgd 2 , 24.2 g of ethanol 
and 3 g of Emasol 320 (sorbitan distearate, a product of Kao-AUas KK) were placed therein. While stirring the 
mixture, the temperature thereof was elevated and the mixture was stirred at 120°C and 800 rpm for 30 minutes. 
Under the high-speed stirring, the resulting solution was transferred to a 2-liter glass flask (equipped with a 

10 stirrer) which was previously charged with 1 liter of refined kerosine cooled to -10°C by using a Teflon tube 
having an inner diameter of 5 mm under high-speed stirring. The resulting solid was collected by filtration and 
thoroughly washed with hexane to obtain a carrier. 

In 1 50 ml of titanium tetrachloride was placed 7.5 g of said carrier at room temperature. After the tempera- 
ture of the mixture was elevated to 40°C, 1 .33 ml of 2-isopropyl-2-isopentyl-1 ,3-dimethoxypropane was added 

15 thereto, and the temperature of the mixture was then elevated to 100°C. After the mixture was stirred at 100°C 
for 2 hours, the resulting solid was collected by filtration and re-suspended in 150 ml of titanium tetrachloride, 
and the suspension was stirred at 130°C for 2 hours. The reaction solid was collected from the reaction mixture 
by filtration and thoroughly washed with a sufficient amount of purified hexane to obtain a solid catalyst com- 
ponent [B 2 ]. The component in terms of atom contained 3.1 % by weight of titanium, 58% by weight of chlorine, 

20 17% by weight of magnesium and 19.7% by weight of 2-isopropyl-2-isopenty 1-1, 3-dimethoxy propane. 

(Polymerization) 

The polymerization of propylene was repeated in the same manner as in Example 3 except that the solid 
25 titanium catalyst component [B 2 ] was used in place of the solid titanium catalyst component [B 1 ]. 
The results are shown in Table 1. 

Examples 5 and 6 

30 The polymerization of propylene was repeated in the same manner as in Example 4 except that 0.075 mmol 

of cyclohexylmethyldimethoxysilane (CMMS) (Example 5) or 2-isopropyl-2-isopentyl-1,3-dimethoxypropane 
(IPAMP) (Example 6) as the electron donor was added in the polymerization of Example 4. 
The results are shown in Table 1 . 

35 Comparative Examples 2 and 3 

The polymerization of propylene was repeated in the same manner as in Example 5 and 6 except that 
triisobutylaluminum was used in place of the mixed A! used in Examples 5 and 6. 
The results are shown in Table 1. 

46 

Example 7 

(Preparation of solid titanium catalyst component [B 3 ]) 

45 A solid titanium catalyst component [B 3 ] was prepared in the same manner as in Example 3 except that 

diisobutyl phthalate (DIBP) was used in place of IPAMP used in the preparation of the solid titanium catalyst 
component of Example 3. The resulting catalyst component contained, on a weight basis, 2.4% of titanium, 
20% of magnesium, 60% of chlorine and 13.0% of DIBP. 

so Prepolymerization of solid titanium catalyst component [B 3 ] 

To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 10 
mmol of triethylaluminum, 1 mmol of 2-isopropyl-2- iso pen tyl-1, 3-dimethoxy propane and 1.0 mmol, in terms of 
Ti atom, of the above solid Ti catalyst component [B 3 ] in a nitrogen atmosphere. Propylene at a rate of 3.2 Nl/hr 
55 at 20°C was fed to the reactorfor one hour. When the feed of propylene was completed, the reactor was purged 
with nitrogen gas, followed by removal of the supernatant. The solid was washed by a washing treatment con- 
sisting of adding purified hexane to re-suspend the solid and leaving to stand followed by removal of supernat- 
ant. The solid was re-suspended in purified hexane and the whole amount of the suspension was transferred 
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to a catalyst bottle. 
(Polymerization) 

5 The polymerization of propylene was repeated in the same manner as in Example 3 except that the prep- 

olymerized solid titanium catalyst component [B 3 ] was used in place of the solid titanium catalyst component 
[B 1 ] used in the polymerization of Example 3. 
The results are shown in Table 1 . 

10 Comparative Example 4 

The polymerization of propylene was repeated in the same manner as in Example 3 except that 
triethylaluminum was used in place of the mixed Al used in the polymerization of Example 3. 

15 Example 8 

(Preparation of solid titanium catalyst component [B 4 ]) 

A solid titanium catalyst component [B 4 ] was prepared in the same manner as in Example 4 except that 
20 an equimolar amount of diisobutyi phthalate (DIBP) was used in place of IPAMP used in the preparation of the 
solid titanium catalyst component of Example 4. The resulting catalyst component contained, on a weight basis, 
2.3% of titanium, 17% of magnesium, 63% of chlorine and 5.5% of DIBP. 

(Prepolymerization of solid titanium catalyst component [B 4 ]) 

25 

To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 10 
mmol of triethylaluminum, 1 mmol of 2-isopropyl-2-isopentyM ,3-dimethoxypropane and 1 .0 mmol, in terms of 
Ti atom, of the above solid titanium catalyst component [B 4 ] in a nitrogen atmosphere. Propylene at a rate of 
3.3 Nl/hr was fed to the reactor at 20°C for one hour. When the feed of propylene was completed, the reactor 
30 was purged with nitrogen gas, followed by removal of the supernatant The solid was washed two times by a 
washing treatment consisting of adding purified hexane to rssuspend the solid and leave to stand followed by 
removal of supernatant. The solid was re-suspended in purified hexane and the whole amount of the suspension 
was transferred to a catalyst bottle. 

35 (Polymerization) 

The polymerization of propylene was repeated in the same manner as in Example 3 except that the solid 
titanium catalyst component [B 4 ] was used in place of the solid titanium catalyst component [B 1 ] used in the 
polymerization of Example 3. 
40 The results are shown in Table 1 . 

Comparative Example 5 

The polymerization of propylene was repeated in the same manner as in Example 3 except that 
45 triethylaluminum was used in place of the mixed Al used in the polymerization of Example 3. 
The results are shown in Table 1 . 
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Table 1 



5 


Example 


Electron 
donor 


Activity 
q-pp/mmolTi 


t-II 
% 


MFR 
dq/min 


Apparent 
bulk density 
q/ml 




Example 3 




53, 500 


96.8 


1.2 


0.45 


10 


Comp. Ex. 1 




46,800 


97.2 


1.9 


0.44 




Example 4 


— 


48,300 


98.2 


1.4 


0.40 


15 


Example 5 


CMMS 


50,600 


98.4 


1.6 


0.42 




Example 6 


IPAMP 


49,300 


98.8 


1.7 


0.36 


20 


_n_ in _ * m ^% 

comp . Ex . z 


CMMS 


33, 100 


98.3 


2.6 


0.38 




Comp . Ex . 3 


IPAMP . 


27, 600 


98.3 


3.2 


0.14 


25 


Example 7 




35, 400 


98. 0 


4 .8 


0.45 




Comp.Ex. 4 




30, 900 


98. 6 


3.5 


0.45 


30 


Example 8 




44,200 


97.4 


4.5 


0.42 




Comp . Ex . 5 




27,800 - 


98.6 


2.9 


0.48 



35 

Example 9 



The solid titanium catalyst component [A] was used and prepolymerized by the following procedure to 
obtain a prepolymerized polyolefirvcontaining catalyst (C 1 ). 

40 

(Prepolymerization of solid titanium catalyst component [A]) 

To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 10 
mmol of triethylaluminum, 2 mmol of 2-isopropyi-2-isopentyM ,3-dimethoxypropane (IPAMP) and 1.0 mmol, in 

45 terms of Ti atom, of the above solid Ti catalyst component [A]. Propylene at a rate of 3.2 Nl/hr was fed to the 
reactor at 20°C for one hour. When the feed of propylene was completed, the reactor was purged with nitrogen 
gas, followed by removal of the supernatant The solid was washed two times by a washing treatment consisting 
of adding purified hexane to re-suspend the solid and leaving to stand followed by removal of supernatant The 
solid was re-suspended in purified hexane and the whole amount of the suspension was transferred to a catalyst 

so bottle. Thus, the prepolymerized olefin-containing catalyst [C 1 ] was obtained. 

(Polymerization) 

Into an autoclave having an internal volume of 2 liter was charged 750 ml of purified hexane. Into the auto- 
55 clave were then charged 0.75 mmol of triethylaluminum and 0.015 mmol, in terms of titanium atom, of the prep- 
olymerized olefin-containing catalyst [C 1 ] obtained above in a propylene atmosphere at 60°C. 

Into the autoclave was introduced 200 ml of hydrogen, the temperature of the mixture was elevated to 70°C 
and the polymerization of propylene was then carried out for 2 hours. The pressure was kept at 7 kg/cn^G during 
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the polymerization. After completion of the polymerization, a slurry containing the resulting solid was filtered 
to separate white powder and a liquid phase from each other. After drying the resulting white polymer powder, 
it was found by using the dryed powder that the yield was 400.6 g f boiling heptane extraction residue was 
98.94%, MFR was 3.4 dg/min and the apparent bulk density was 0.45 g/ml. The liquid phase was concentrated 
5 to obtain 1.5 g of a solvent soluble polymer. Accordingly, activity was 26,800 g-pp/mmol-Ti, and the toal II (U.I.) 
was 98.6%. 

Example 10 

10 A prepolymerized olefin-containing catalyst [C 2 ] was obtained in the same manner as in Example 9 except 
that 1 mmol of IPAMP was used in the prepolymerization of Example 9. 

Subsequently, the polymerization of propylene was earned out in the same manner as in Example 9 except 
that the prepolymerized olefin-containing catalyst {C 2 ] was used in place of the prepolymerized olefin-containing 
catalyst [C 1 ]. 
15 The results are shown in Table 2. 

Mw/Mn measured by GPC was 4.79. 

Example 11 

20 A prepolymerized olefin-containing catalyst [C 3 ] was obtained in the same manner as in Example 9 except 
that 0.5 mmol of IPAMP was used in the prepolymerization of Example 9. 

Subsequently, the polymerization of propylene was carried out in the same manner as in Example 9 except 
that the prepolymerized olefin-containing catalyst [C 3 ] and further 0.075 mmol of IPAMP were used. 
The results are shown in Table 2. 

25 

Examples 12 and 13 

The polymerization of propylene was carried out in the same manner as in Example 1 1 except that the prep- 
olymerized olefin-containing catalyst [C 1 ] or [C 2 ] was used. 
30 The results are shown in Table 2. 

Example 14 

(Preparation of solid titanium catalyst component [C 4 ]) 

35 

A high-speed mixer having an internal volume of 2 liter (manufactured by Tokushu Kika Kogyo KK) was 
thoroughly purged with N 2 , and 700 ml of refined kerosine, 10 g of commercially available MgCI 2 » 24.2 g of 
ethanol and 3 g of Emasot 320 (sorbitan distearate, a product of Kao-Atlas KK) were placed therein. While stir- 
ring the mixture, the temperature of the mixture was elevated and the mixture was stirred at 120°C and 800 

40 rpm for 30 minutes. Under high-speed stirring, the resulting solution was transferred to a 2-liter glass flask 
(equipped with a stirrer) which was previously charged with 1 liter of refined kerosine cooled to -10°C by using 
a Teflon tube having an inner diameter of 5 mm. The resulting solid was collected by filtration and thoroughly 
washed with hexane to obtain a earner. 

In 150 ml of titanium tetrachloride was suspended 7.5 g of said earner at room temperature. After the tem- 

45 perature of the suspension was elevated to 40°C, 1 .3 ml of diisobutyl phthalate (DIBP) was added thereto and 
the temperature of the mixture was elevated to 100°C. After the mixture was stirred at 100°C for 2 hours, the 
resulting solid was collected by filtration and re-suspended in 150 ml of titanium tetrachloride, and the suspen- 
sion was stirred at 130°C for 2 hours. The reaction solid was collected from the reaction mixture by filtration 
and thoroughly washed with a sufficient amount of purified hexane to obtain a solid titanium catalyst component 

so [C 4 ]. The component in terms of atom contained 2.3% by weight of titanium, 63% by weight of chlorine, 20% 
by weight of magnesium and 5.5% by weight of DIBP. 

(Prepolymerization of solid titanium catalyst component [C 4 ]) 

55 To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 10 

mmol of triethylaluminum, 2 mmol of 2-isopropyl-2-tsopentyl-1,3-dimethoxy propane and 1.0 mmol, in terms of 
Ti atom, of the above solid titanium catalyst component [C 4 ] in a nitrogen atmosphere. Propylene at a rate of 
3.3 Nl/hr at 20°C was fed to the reactor for one hour. When the feed of propylene was completed, the reactor 
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was purged with nitrogen gas, followed by removal of the supernatant The solid was washed two times by a 
washing treatment consisting of adding purified hexane to re-suspend the solid and leaving to stand followed 
by removal of supernatant The solid was re-suspended in purified hexane. The whole amountof the suspension 
was transferred to a catalyst bottle. In this way, the prepolymerized olefin-containing catalyst [C 4 ] was obtained. 

(Polymerization) 

The polymerization of propylene was carried out in the same manner as in Example 9 except that the prep- 
olymerized olefin-containing catalyst [C 4 ] obtained above was used. 
The results are shown in Table 2. 
Mw/Mn measured by GPC was 4.48. 

Example 15 

The polymerization of propylene was carried out in the same manner as in Example 1 1 except that the prep- 
olymerized olefin-containing catalyst [C 4 ] was used. 
The results are shown in Table 2. 
Mw/Mn measured by GPC was 4.72. 



Example 
No. 


Electron 
donor 


Activity 
cr-pp/mmolTi 


t-II 
% 


MFR 
dq/min 


Apparent 
bulk density 
a/ml 


9 




26,800 


98.6 


3.4 


0.45 


10 




30, 900 


98.6 


3.5 


0.45 


11 


IPAMP 


23,400 , 


98.9 


5.0 


0.45 


12 


IPAMP 


30,500 


99.0 


3.5 


0.45 


13 


IPAMP 


31,600 


98.9 


2.7 


0.46 


14 




27.800 


98.6 


2.9 


0.48 


15 


IPAMP 


25,000 


98.8 


3.4 


0.47 



Example 16 

Buten-1 was polymerized by the following procedure wherein the prepolymerized poiyolefirv-containing 
catalyst (C 1 ) was used. 

(Polymerizetion) 

Into an autoclave having an internal volume of 2 1 was charged 500 ml of n-hexane in a nitrogen atmosphere. 
After the system in the autoclave was made at a temperature of -50°C, into the autoclave were then introduced 
500 ml of liquid buten-1, 2.0 mmol of triethylalminium, 0.2 mmol of 2-isopropyl-2-isopentyl-1,3-dimethoxyp- 
ropane (IPAMP) and 100 ml of hydrogen. After the temperature of the mixture was elevated to 60°C, 0.01 mmol, 
in terms of titanium atom, of the prepolymerized polyolefin-containing catalyst (C 1 ) was added into the mixture 
to inisiate the polymerizetion of butene-1. After the polymerization of buten-1 was carried out for 1 hours, 
methanol was added into the reaction mixture to stop the polymerization and then the unreacted butene-1 was 
removed. Reaction mixture was introduced into large amount of methanol to obtain white solid. The resulting 
white solid was ground by a mixer, washed with methanol and dried under a reduced pressure to obtain bu- 
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tene-1 polymer. 

The polymerization activity, the isotactic index (the ratio of the insoluble component in n-decane at 3°C, 
hereinafter reffered as II), MFR, the intrinsic viscosity [r\] in decaline at 135°C of the butene-1 polymer obtained 
are shown in Table 3 

Example 17 

Butene-1 was polymerized by the following procedure wherein the prepolymerized polyolefin-containing 
catalyst (C 1 ) was used. 

10 

(Polymerizetion) 

After an autoclave having an internal volume of 2 1 was cooled to -50°C, into the autoclave was charged 
500 ml of liquid buten-1, 1.0 mmol of triethylalminium, 0.1 mmol of 2-isopropyl-2-isopenty1-1,3-dimethoxyp- 
15 ropane, 0.01 mmol, in termes of titanium atom, of the prepolymerized polyolefin-containing catalyst (C 1 ) and 
400 ml of hydrogen, and then the system was elevated to 30°C. After the polymerization of buten-1 was carried 
out for 2 hours at 30°C, methanol was added into the reaction mixture to stop the polymerization and then the 
unreacted butene-1 was removed. The resulting white solid was washed with methanol to obtain butene-1 
polymer. 

20 The polymerization activity, II, MFR, the intrinsic viscosity [t\] of the butene-1 polymer obtained are shown 

in Table 3 

Comparative Example 6 

25 The preparation of the solid titanium catalyst component was repeated in the same manner as in Example 
1 except that 1.0 mmol of diphenylmethoxysilane (DPMS) was used in the pretreatment of the solid titanium 
catalyst component [D]. Subsequently, the prepolymerization was repeated in the same manner as in Example 
9 except that the solid titanium catalyst component [D] was used to obtain a prepolymerized polyolefin-con- 
taining catalyst (O). 

30 The polymerization of buten-1 was repeated as same manner in Example 16 except that the prep- 

olymerized polyolefin-containing catalyst (D) was used ir\ place of the prepolymerized catalyst (C 1 ), tri- 
isobutylalminium was used in place of triethylalminium and DPMS was used in place of IPAMP. 
Results are shown in Table 3. 

35 Table 3 





Activity 
q/mmol Ti 


II 
% 


MFR 
dq/min . 


mi 

dl/q 


Example 16 


17,700 


100 


0.07 


3.74 


Example 17 


11,200 


98.9 


0.08 


3.80 


Comp.Ex. 6 


7,700 


99.6 


3. 67 





so Example 18 

The following prepolymerization was earned out by using the solid titanium catalyst component [B 2 ] prep- 
ared in Example 4. 

55 (Prepolymerization of the solid titanium catalyst component [B 2 ]) 

To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 10 
mmol of triethylaluminum, 1 mmol of 2-isopropyl-2-isopentyM,3-dimethoxypropane and 1.0 mmol, in terms of 
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Ti atom, of the above solid titanium catalyst component [B 2 J in a nitrogen atmosphere. Propylene at a rate of 
2.5 Nl/hr was fed to the reactor at 20°C for one hour. When the feed of propylene was completed, the reactor 
was purged with nitrogen gas, followed by removal of the supernatant The solid was washed two times by a 
washing treatment consisting of adding purified hexane to resuspend the solid and leave to stand followed by 
5 removal of supernatant. The solid was re-suspended in purified hexane and the whole amount of the suspension 
was transferred to a catalyst bottle to obtain the prepolymerized polyolefin-containing catalyst (C 5 ). 

(Polymerizetion) 

10 Into a glass reacter having an internal volume of 1 litter was charged 500 ml of 4-methyl-1-pentene in a 
nitrogen atmosphere and then the temperature in the reacter was elevated to 50°C. Into the reacter, was intro- 
duced 0.5 mmol of triethylalminium and 0.05 mmol of cyclohexylmethyldimethoxysilane (CMMS), and further, 
0.01 mmol, in termes of titanium atom, of the prepolymerized polyolefin-containing catalyst (C 5 ) was added in 
to the mixture to initiate the polymerization of 4-methyl-1-pentene. After the polymerization of 4-methyl-1-pen- 

15 tene was carried out for 1 hours, methanol was added into the reaction mixture to stop the polymerization. The 
resulting white solid was filtrated off, washed with methanol and dried in a reduced pressure to obtain 2.9 g of 
4-methyl-1-pentene polymer. The polymerizaiton activity was 290 g/mmol Ti. 

Example 19 

20 

The polymerization of 4-methyM-pentene was repeated in the same manner as in Example 18 except that 
IPAMP was used in place of CMMS to obtain 9.86 g of 4-methyM -pentene polymer. The polymerizaiton activity 
was 990 g/mmol Ti. 

25 Example 20 and 21 

(Preparation of solid titanium catalyst component [G]) 

A mixture of 95.2 g of anhydrous magnesium chloride, 442 ml of decane and 390.6 g of 2-ethylhexyl alcohol 
30 was reacted with heating at 130°C for 2 hours to prepare a homogeneous solution. To this solution was added 
21.3 g of phthalic anhydride, and the mixture was stirred at 130°C for one hour to thereby dissolve phthalic 
anhydride in the homogeneous solution. The homogeneous solution thus obtained was cooled to room tem- 
perature, and 75 ml of the homogeneous solution was added dropwise to 200 ml of titanium tetrachloride kept 
at -20°C over a period of one hour. After completion of the addition, the temperature of the mixed solution was 
35 elevated to 1 10°C and over a period of 4 hours. When the temperature of the mixture reached 1 10°C, 4.79 ml 
of 2-isopropyM ,3-dimethoxypropane (IPAMP) was added thereto, and the mixture was held with stirring at that 
temperature for 2 hours. After completion of the 2-hour reaction, the resulting solid was collected by hot filtration 
and re-suspended in 275 ml of titanium tetrachloride, followed by reaction with heating at 1 10°C for 2 hours. 
After completion of the reaction, the solid was collected by hot filtration and thoroughly washed with decane 
40 and hexane kept at 1 10°C until no free titanium compound was detected in the washing liquid. The solid titanium 
catalyst component [G] prepared in the manner mentioned above was stored as a decane slurry. A part thereof 
was tried to examine the catalyst composition. It was found that the thus-obtained solid titanium catalyst com- 
ponent [GJ contained 2.3% by weight of titanium, 63% by weight of chlorine, 22% by weight of magnesium and 
9.8% by weight of IPAMP. 

45 

(Prepolymerization of solid titanium catalyst component [G]) 

A prepolymerized olefin-containing catalyst (H) was obtained in the same manner as in Example 9 except 
that 1 mmol, in terms of titanium atom, of triethylalminium was used in the prepolymerization of Example 9. 

50 

(polymerization) 

The polymerization of propylene was carried out in the same manner as in Example 9 except that 0.0075 
mmol, in terms of titanium atom, of the prepolymerized olefin-containing catalyst (H) was used in place of the 
55 prepolymerized olefin-containing catalyst (C 1 ), 1 50 ml of oxygen was used and 0.075 mmol of IPAMP (Example 
20) or 0.075 mmol of cydohexylmethyldimethoxysilane (CMMS) (Example 21) as an electron donor was used 
in the polymerization of Example 9. 
The results are shown in Table 4. 
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Example 22 
(polymerization) 

5 The polymerization of propylene was carried out in the same manner as in Example 20 except that 300 ml 

of hydrogen and 0.075 mmol of dicyclopentyldimethoxysilane (DCPMS) as an electron donor were used in the 
polymerization of Example 20. 

The results are shown in Table 4. 

w Example 23 

(polymerization) 

The polymerization of propylene was carried out in the same manner as in Example 20 except that 
15 triisobutylalminium was used in place of triethylalminium in the polymerization of Example 20. 
The results are shown in Table 4. 

Example 24 

20 (Prepolymerization of solid titanium catalyst component [G]) 

To a 400 ml four-necked glass reactor equipped with a stirrer were added 100 ml of purified hexane, 3 mmol 
of triethylaluminurn and 1.0 mmol, in terms of Ti atom, of the above solid Ti catalyst component [G]. Propylene 
at a rate of 3.2 Nl/hr was fed to the reactor at 20°C for one hour. When the feed of propylene was completed, 
the reactor was purged with nitrogen gas, followed by removal of the supernatant. The solid was washed two 
times by a washing treatment consisting of adding purified hexane to re-suspend the solid and leaving to stand 
followed by removal of supernatant The solid was re-suspended in purified hexane and the whole amount of 
the suspension was transferred to a catalyst bottle. Thus, the prepolymerized olefin-containing catalyst [G 2 ] 
was obtained. 

(Polymerization) 

Into an autoclave having an internal volume of 2 1 iter was charged 750 ml of purified hexane. Into the auto- 
clave were then charged 0.75 mmol, in terms of alminium atom, of a mixture of triisobutylalminium and ethylal- 
35 minium sesquichloride at a ratio (mol/mol) of 2/1 , 0.075 mmol of IPAMP and 0.0075 mmol of the prepolymerized 
olefin-containing catalyst (G 2 ) obtained above in a propylene atmosphere at 60°C. 

Into the autoclave was introduced 1 50 ml of hydrogen, the temperature of the mixture was elevated to 70°C 
and the polymerization of propylene was then carried out for 2 hours. The pressure was kept at 7 kg/crr^G during 
the polymerization. 
40 The results are shown in Table 4. 
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Tablt. 4 





Electron 
Donor 


Activity 
q/mmol Ti 


I I 
% 


M F R 
q/min . 


Apparent 
bulk density 
q/ml 


Example 20 


IPAMP 


49,600 


98.8 


1.7 


0.44 


Example 21 


CMMS 


48,500 


98.5 


1.5 


0.43 


Example 22 


DCPMS 


59,900 


98.1 


5.3 


0.45 


Example 23 


IPAMP 


47,700 


98.8 


1.3 


0.43 


Example 24 


IPAMP 


51,100 


98. 6 


1.7 


0.44 



20 Examples 25 
(polymerization) 

The polymerization of butene-1 was carried out in the same manner as in Example 16 except that 1.0 mmol 
25 of triethylalminium, 0. 1 mmol of IPAMP and 0.0025 mmol, in terms of titanium atom, of the prepolymerized olefin 
containing catalyst (C 3 ) were used in the polymerization of Example 16. 
The results are shown in Table 5. 

Example 26 

30 

The pre polymerization are carried out in the following proceture by using the solid titanium catalyst com- 
ponent [GJ. 

(Prepolymerization of solid titanium catalyst component [G]) 

35 

A prepolymerized olefin-containing catalyst (G 3 ) was obtained in the same manner as in Example 16 except 
that 3.0 mmol of triethylaiminium, 1.0 mmol, in terms of titanium atom, of the solid titanium catalyst component 
[G 3 ] was used and IPAMP was not used in the prepolymerization of Example 16. 

40 (Polymerization) 

The polymerization of propylene was earned out in the same manner as in Example 16 except that the prep- 
olymerized olefin-containing catalyst [C 3 ] was used in place of the prepolymerized olefin-containing catalyst 
[C 1 ] and further 200 ml of hydrogen was used. 
45 The results are shown in Table 5. 



Table 5 

50 _ 





Activity 
g/mmol Ti 


I I 
% 


M F R 
(load at 10Kg)' 
dg/min . 


[TI] 
dl/q 


Example 25 


34,800 


98.7 


3.7 


3.28 


Example 26 


51,500 


98.6 


4.5 


3.29 
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Claims 

1. A solid titanium catalyst component for use in olefin polymerization obtainableby bringing (A) a solid 
titanium component containing titanium, magnesium, halogen and an electron donor (a 0 ) into contact with 
(B) an electron donor (b 0 ), either the electron donor (a 0 ) or electron donor (bo) being a compound having 
at least two ether linkages with a plurality of intermediately existing bonding atoms. 

2. A catalyst component according to claim 1 wherein the compound having at least two ether linkages is a 
compound having at least two ether linkages with a plurality of intermediately existing bonding carbon 
atoms. 

3. A catalyst component according to claim 1 or 2 wherein the compound having at least two ether linkages 
is represented by the formula: 




wherein n is an integer of 2 ^ n ^ 10, R 1 to R 26 are each a substituent having at least one element selected 
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, any two members 
of R 1 to R 26 may form together a ring other than a benzene ring, and the main chain may contain atoms 
other than carbon. 

4. An olefin polymerization catalyst comprising 

[la] a solid titanium catalyst component as claimed in any one of the preceding claims 

[Ha] an organometallic compound catalyst component containing a metal belonging to Group MM of the 

periodic table and, optionally 

[III] an electron donor (c) including a compound having at least two ether linkages with a plurality of 
intermediately existing bonding atoms. 

5. An olefin polymerization catalyst comprising 

[la] a solid titanium catalyst component containing titanium, magnesium, halogen and a compound hav- 
ing at least two ether linkages with a plurality of intermediately existing bonding atoms, and 
[lib] an organoaluminium compound catalyst component comprising a halogen-containing organoalumi- 
nium compound and an organoaluminium compound containing no halogen. 

6. An olefin polymerization catalyst comprising 

[lb] a solid titanium catalyst component containing titanium, magnesium, halogen and an electron donor 
(a1) provided that this electron donor (a1) does not include a compound having at least two ether lin- 
kages with a plurality of intermediately bonding atoms, 

[lib] an organometallic compound catalyst component comprising a halogen-containing organoalumi- 
nium compound and an organoaluminium compound containing no halogen, and 
[Ilia] a compound having at ieast two ether linkages with a plurality of intermediately existing bonding 
atoms. 

7. A prepolymerized polyolefin-containing catalyst, comprising 

[la] a solid titanium catalyst component containing titanium, magnesium, halogen and a compound hav- 
ing at least two ether linkages with a plurality of intermediately existing bonding atoms, and 
[Ha] an organometallic compound catalyst component containing a metal belonging to Groups Mil of 
the periodic table, and 
a preliminarily polymerized poiyolefin obtained from an a-olefin of 2 to 20 carbon atoms. 
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8. A prepolymerized polyolefin-containing catalyst, comprising 

[lb] a solid titanium catalyst component containing titanium, magnesium, halogen and an electron donor 
(a t ). 

pia] an organometailic compound catalyst component containing a metal belonging to Groups Mil of 
the periodic table, and 

[Ilia] a compound having at least two ether linkages with a plurality of intermediately existing bonding 
atoms, 

said catalyst containing preliminarily polymerized polyolefin obtainable from a-olefin of 2 to 20 car- 
bon atoms. 

9. An olefin polymerization catalyst, comprising a pre-polymerized polyolefin-containing catalyst as claimed 
in claim 7 or 8, 

[Ha] an organometailic compound catalyst component containing a metal selected from Groups Nil of 
the periodic table, and optionally 

[III] an electron donor (c) including a compound having at least two ether linkages with a plurality of 
intermediately existing bonding atoms. 

10. A catalyst according to any one of claims 4 to 9 wherein the compound having at least two ether linkages 
is a compound having at least two ether linkages with a plurality of intermediately bonding carbon atoms. 

11. A catalyst according to claim 10 wherein the compound having at least two ether linkages is represented 
by the formula: 




wherein n is an integer of 2 ^ n g 10, R 1 to R 26 are each a substituent having at least one element selected 
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, any two members 
of R 1 to R 26 may form together a ring other than a benzene ring, and the main chain may contain atoms 
other than carbon. 

12. A method of olefin polymerization, wherein ethylene and/or an a-olefin is polymerized in the presence of 
a catalyst as claimed in any one of claims 4 to 1 1. 

13. A process for preparing an a-olefin polymer wherein at least one a-olefin of not less than 2 carbon atoms 
is polymerized in the present of a catalyst comprising 

[la] a solid titanium catalyst component containing titanium, magnesium, halogen and a compound hav- 
ing at least two ether linkages with a plurality of intermediately existing bonding atoms, and 
[Ha] an organometailic compound catalyst component containing a metal belonging to Groups Mil of 
the periodic table 

to obtain a polymer or a copolymer containing not less than 70 mol% of the a-olefin having not less than 
4 carbon atoms. 

14. A process according to claim 13 wherein at least one a-olefin of 2 to 20 carbon atoms is preliminarily 
polymerized in the presence of the solid titanium catalyst component [la]. 

15. A process for preparing an a-olefin polymer wherein at least one a-olefin of not less than 2 carbon atoms 
is polymerized or copolymerized in the presence of an olefin polymerization catalyst comprising 

[lb] a solid titanium catalyst component containing titanium, magnesium, halogen and an electron donor 
(a,) provided that this electron donor (a,) does not include a compound having at least two ether linkages 
existing among a plurality of atoms, 

[Ha] an organometailic compound catalyst component containing a metal belonging to Groups Mil of 
the periodic table, and 
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[Ilia] a compound having at least two ether linkages with a plurality of intermediately existing bonding 
atoms, 

to obtain a polymer or a copolymer containing not less than 70 mol% of the a-olefin having not less than 
4 carbon atoms. 

16. A process according to claim 15 wherein at least one a-olefin of 2 to 20 carbons atoms is preliminarily 
polymerized in the presence of the solid titanium catalyst component [lb]. 

17. A process according to any one of claims 1 3 to 1 6 wherein the compound having at least two ether linkages 
is a compound having at least two ether linkages with a plurality of intermediately existing bonding carbon 
atoms. 

18. A process according to claim 17 wherein the compound having at least two ether linkages is represented 
by the formula: 




wherein n is an integer of 2 £ n ^ 1 0, R 1 to R 26 are each a substituent having at least one element selected 
from carbon, hydrogen, oxygen, halogen, nitrogen, sulfur, phosphorus, boron and silicon, any two members 
of R 1 to R 26 may form together a ring other than a benzene ring, and the main chain may contain atoms 
other than carbon. 



34 



EP 0 452 156 A2 



FIG. I 



solid titanium catalyst component 
containing Ti, Mg, Halogen and 
electron donor (ao) 



electron donor (bo)- 



(orgonotnetol compound)- 



olefin 



electron donor (c) 



FIG. 2 



solid titanium catalyst 
component containing Ti. Mg. 
Halogen and compound having 
at least two ether linkages 



olefin 



halogen - containing organoalminium 
compound and organoalminium 
compound having no halogen atom 
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FIG. 3 



solid titanium catalyst component 
containing Tl. Mg. Halogen and 
electron donor (at) 



(halogen - containing organoalminium 
compound and organoalminium 
compound having no halogen atom 



compound having at least 

two ether linkages with a plurality 

ot intermediately existing bonding 

atoms 
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FIG. 4 

solid titanium catalyst 
component containing Ti, Mg» 
Halogen and compound having 
at least two ether linkages 



pre - 
polymerization 



(organometol compounT)- 



I— olefin 



(organometol compoun?) - 



compound having at least 

two ether linkages with a plurality, 

of intermediately existing bonding 

atoms 



i 



electron donors (ai).(bt) 
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FIG. 5 



solid titanium catalyst component 
containing Ti. Mg. Halogen and 
electron donor (ai) 



( organofnetol compound 



compound having at leost 

two ether linkages with a plurality. 

of Intermediately existing bonding 

atoms 



pre - 

polymerization 



— i 



Molefin 



Q orga 



nometal co 



mpound) - 



compound having at least 

two ether linkages with a plurality. 

of Intermediately existing bonding 

atoms 



electron donors (ai).(bi) 
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FIG. 6 



solid titanium catalyst 
component containing Tl. Mg. 
Halogen and compound having 
>at least two ether linkages 



olefin 



( orgonometol compound)- 



FIG. 7 



solid titanium catalyst component 
containing Ti. Mg, Halogen and 
electron donor (ai) 



(organometol compoufuT) - 



olefln 



compound having at least 

two ether linkages with a plurality 

of Intermediately existing bonding 

atoms 
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